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PREFACE 


IT  has  been  the  purpose  of  the  Author  in  the  composition 
of  this  work  to  lay  before  the  reader,  in  a  clear  and  concise 
manner,  the  principles  of  astronomy,  developed  and  demon- 
strated in  ordinary  and  popular  language,  capable  of  being 
understood  by  those  who  may  be  possessed  of  an  average 
amount  of  general  knowledge.  Perhaps  at  no  time  more  than 
the  present,  when  by  the  influence  of  the  Oxford  and  Cam- 
bridge middle-class  examinations,  the  education  of  the  youth 
v{  the  present  generation  is  receiving  unusual  attention,  has 
the  want  been  more  felt  of  elementary  works  on  the  different 
branches  of  scientific  knowledge,  possessing  sound  and  reliable 
information  expressed  in  language  attractive  to  the  reader. 
The  study  of  such  works  would  prepare  him  for  more  ad- 
vanced treatises  on  the  separate  sciences. 

In  the  present  edition  of  this  work  the  Editor  has  endeavoured 
so  to  arrange  the  various  sections  of  the  science,  as  to  exhibit 
to  the  inquiring  reader  the  various  movements  and  physical 
peculiarities  of  the  different  members  of  the  solar  system,  with- 
out embarrassing  his  mind  with  mathematical  symbols ;  for 
though  symbolical  explanations  may  seem  to  the  advanced 
student  to  be  a  necessary  adjimct  for  the  proper  elucidation  of 
the  different  problems,  yet  it  not  unfrequently  happens  that 
the  reader,  with  less  mathematical  proficiency,  would  altogether 
fail  in  the  study  of  this  science,  were  it  not  for  the  assistance 
afforded  by  popular  and  elementary  works  written  in  a  Ian- 
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guage  comprehended  by  all.  To  the  student  of  the  highei  or 
mathematical  branches  of  astronomy,  this  work,  however,  will 
also  be  found  interesting  and  instructive,  as  he  will  find 
information  of  the  most  valuable  kind  in  it,  for  much  of  which 
he  may  look  in  vain  in  works  of  higher  pretensions. 

It  is  well  known  that  many  students  pass  through  their 
educational  course  without  acquiring  even  a  general  know- 
ledge of  geometry  and  algebra.  To  all  such  persons,  mathe- 
matical treatises  on  astronomy  must  be  sealed  books.  Such 
students,  notwithstanding  their  inability  to  understand  works 
of  that  kind,  may  acquire  a  considerable  acquaintance  with 
this  science,  by  consulting  the  various  divisions  of  a  work 
like  the  present,  which  though  free  from  the  usual  symbols 
of  mathematical  explanations,  is  founded  on  reasoning  suffi- 
ciently satisfactory  and  conclusive. 

The  rapid  succession  of  discoveries  by  which  astronomical 
knowledge  has  .been  extended  during  the  last  twenty-two  years 
has  rendered  elementary  works  on  astronomy,  published  pre- 
viously to  1 845,  to  a  certain  extent,  obsolete ;  while  the  in- 
creasing taste  for  the  cultivation  of  the  ^ience,  and  the  multi- 
plication of  private  observatories  and  amateur  observers,  have 
created  a  demand  for  treatises,  which  shall  comprise  not  only 
explanations  of  the  movements  of  the  earth  and  the  other 
bodies  of  the  solar  system,  but  also  illustrations  of  the  physical 
appearances  of  the  different  planets,  the  information  on  which 
can  only  otherwise  be  obtained  by  reference  to  the  Transactions 
of  the  various  scientific  societies  of  different  countries,  formed 
for  the  encouragement  of  astronomy  and  the  other  physical 
sciences. 

In  illustration  of  this,  we  have  only  to  refer  the  reader  to 
the  results  which  have  been  obtained  from  the  researches  of 
original  inquirers,  and  from  the  labom^  of  obseiTers,  which 
have  been  carefully  reviewed,  and  from  which  largo  selections 
have  been  made,  and  presented  to  the  reader  in  a  popular  and 
instnictive  form.    In  cases  where  the  .subject  required  graphic 
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tllustrations  for  its  better  elucidation,  and  when  such  repre- 
sentations could  be  obtained  from  original  and  authentic 
sources,  they  have  been  unsparingly  supplied. 

As  examples  of  this  we  may  refer  among  the  planetary 
objects  to  the  beautiful  delineations  of  the  Moon  and  Mars 
by  MM.  Beer  and  Madler;  those  of  Jupiter  by  Sir  John 
Herschel  and  M.  Madler ;  and  those  of  Saturn  by  MM.  Dawes 
and  Schmidt:  among  cometary  objects,  to  the  magnificent 
drawings  of  Encke's  comet  by  M.  Struve,  and  to  those  of 
Ilalley's  comet  by  MM.  Struve,  Maclear,  and  Smyth ;  and 
among  stellar  objects,  to  the  splendid  selection  of  stellar 
clusters  and  nebuke,  which  are  reproduced  from  the  originals 
of  the  Earl  of  Eosse  and  Sir  John  Herschel.  We  also  draw 
attention  to  the  remarkable  drawings  of  solar  spots  by  MM. 
Capocci  and  Pastorff,  delineations  of  which  will  be  foimd  in 
this  volume. 

To  have  entered  into  the  details  of  the  business  of  an  obser- 
vatory, beyond  those  explanations  which  are  necessary  and 
sufficient  to  give  the  reader  a  general  notion  of  the  processes 
by  which  the  principal  astronomical  data  are  obtained,  would 
not  have  been  compatible  ^vith  the  popular  character  and 
limited  dimensions  of  such  a  treatise  as  the  present. 

It  has,  nevertheless,  been  thought  advisable  to  insert  in  the 
body  of  the  work,  short  notices  of  the  most  remarkable  astro- 
nomical instrmnents,  celebrated  as  examples  of  beauty  of 
construction  combined  with  imusual  stabilit}\  Most  of  these 
instruments,  especially  the  great  equatorial,  recently  erected 
at  the  Royal  Observator}',  Greenwich,  are  magnificent  models 
of  engineering  skill,  and  reflect  honour  on  all  who  may  have 
assisted  in  their  construction.  Well  executed  drawings  ot 
most  of  these  astronomical  instruments  will  be  found  inserted 
in  the  chapter  devoted  to  this  subject,  the  originals  for  some 
of  which  have  been  either  supplied  by  or  made  under  the 
superintendence  of  the  eminent  astronomers  tmder  whose 
direction  the  instruments  are  placed. 
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The  progress  of  astronomical  discoveiy  has  in  no  section  of 
the  science  shown  greater  activity  than  in  that  treating  of  the 
numerous  planets  composing  the  solar  system,  to  which  have 
been  added  since  the  year  1845,  no  fewer  than  one  hundred 
and  forty- two  planets  whose  orbits,  without  exception,  are 
included  between  those  of  Mars  and  Jupiter.  The  reader  will 
find  in  the  chapter  under  the  name  of  "The  Planetoids," 
information  regarding  the  discovery  of  each  of  these  planets, 
together  with  other  matter  relating  to  them,  the  planets  being 
arranged  in  the  order  of  their  discovery.  The  Editor  is  not 
aware  of  any  work  containing  so  much  information  on  the 
planetoids,  whose  existence  was  known  at  the  date  of  passing 
the  chapter  through  the  press. 

In  the  body  of  the  work,  chiefly  on  account  of  the  limited 
extent  of  the  volume,  subjects  which  require  some  amount  of 
mathematical  elucidation  are  necessarily  omitted.  Those  of 
our  readers  who  wish  to  enter  upon  the  study  of  the  theoretical 
branches  of  the  science,  such  as  the  theory  of  planetary  per- 
turbations, or  the  lunar  theory,  &c.,  should  select  those  works 
which  are  specially  prepared  for  students  in  the  univei-sities, 
on  each  of  these  important  subjects.  Our  limits  will  not 
*  allow  us  to  include  them  without  sacrificing  other  instructive 
matter  which  agrees  more  with  the  objects  and  intentions  of 
this  work.  The  reader  will,  however,  find  inserted  in  the 
concluding  chapter,  further  explanations  on  a  few  questions 
which  in  an  earlier  portion  of  the  work  have  been  partially 
treated  on  in  the  text. 

The  tabular  numbers  representing  the  principal  elements  of 
the  various  members  composing  the  solar  system,  have  been 
selected  from  the  most  recent  authorities.  Those  tables  which 
are  the  result  of  computation,  have  all  undergone  rearrange- 
ment and  recalculation,  and  die  iteparate  numbers  will,  it 
is  hoped,  be  consequently  received  with  some  degree  erf 
confidence. 


NOTE  TO  THE  FOURTH  EDITION. 


In  preparing  this  Edition,  the  Editor  has  not  considered  it 
necessary  to  make  anj  serious  alteration  in  the  material  or 
arrangement  adopted  in  the  Second  and  Third  Editions.  The 
work  has,  however,  been  carefully  revised,  and  corrections 
made  where  required.  It  is  very  probable  that  the  mean 
equatorial  horizontal  parallax  of  the  sun,  as  determined 
from  the  observations  of  the  late  transit  of  Venus,  may  differ 
slightly  fit)m  8"'94,  the  value  adopted  in  the  calculations  of 
the  data  depending  upon  it  contained  in  this  volume ;  but  as 
it  is  not  likely  that  any  considerable  alteration  will  be  made 
in  the  adopted  value,  which  is  founded  on  so  many  recent  in- 
dependent determinations,  it  will  be  better  to  adhere  to  it  in 
popular  works  on  astronomy,  till  the  coefficient  of  the  solar 
parallax  is  definitively  settled  from  the  observations  of  thc^ 
transits  of  Venus  of  1874  and  1882.  The  final  value  will 
probably  be  found  to  lie  between  8'^'85  and  8"-95.  Chapter 
XV.  contains  brief  notices  of  the  discovery  of  fifty-five 
additional  minor  planets,  and  in  Chapter  XXIII.  the  elements 
of  the  orbits  of  all  the  planets  are  given,  arranged  in  the 
order  of  the  distances  of  the  planets  from  the  sun.  These 
elements  are  derived  from  the  most  recent  authorities.* 

A  few  brief  notes  on  various  astronomical  subjects  are 
inserted  in  the  Appendix. 

E.  D. 

KmBBOOKx,  Blackhkath  :  Sept.  i,  1875. 

»  Since  the  final  revision  of  Chapter  XV.  two  additional  minor 
planets  have  been  discovered  ;  (ut)  Proto(/euei<i  by  M.  Schulhof,  at 
Vienna,  on  July  11,  and  (us)  (not  yet  named)  by  M.  Prosper  Henry,  at 
Paris,  on  August  7,  1875. 


NOTK 


Keference  is  frequently  made  in  the  text  of  this  volume  to  the 
paragraphs  contained  in  the  "Handbooks  of  Natural  Philosophy/* 
by  Dr.  Lardner,  which  bear  on  the  some  subject  as  Uiat  under 
discussion.  The  name  of  the  work  corresponding  to  each  letter  of 
reference  is  therefore  inserted  below  us  an  assistance  to  the  reader, 
who  will  find  in  these  separate  ti'eatises  several  explanations  of 
subjects  which  tend  to  elucidate  more  clearly  those  given  in  this 
volume. 

The  voliune  on  Mechanics  is  referred  to  by  the  letter  M. 

i  Hydrostatics  7 
Pneumatics     i"  »  »       H-  or  P. 

Heat  J 

„  Optics  «  ••       0. 
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CHAPTER  I. 

METHODS  OF  TNVESTIOATIOK  AND  MEANS  OF  OBSERVATION. 

1.  Tbe  solar  systein. — The  earth,  which  in  the  economy  of  the 
•universe  has  become  the  habitation  of  the  races  of  men,  is  a  globular 
mass  of  matter,  and  one  of  an  assemblage  of  bodies  of  like  form 
and  analogous  magnitude  which  i-evolve  in  paths  nearly  circular 
round  a  common  centre,  in  which  the  sun,  a  globe  having  dimen- 
sions vastly  greater  than  all  the  others,  is  established,  maintaining 
physical  order  among  them  by  his  predominant  attraction,  and 
ministering  to  the  well-being  of  the  tribes  which  inhabit  them  by 
a  tit  and  regidated  supply  of  light  and  heat. 
This  group  of  bodies  is  the  Solar  SYSXEir. 

2.  Tlio  stellar  universe. — In  the  vast  regions  of  space  whicli 
surround  this  system  other  bodies  similar  to  tlie  sun  are  placed, 
countless  in  number,  and  most  of  them,  according  to  all  probability, 
superior  in  magnitude  and  splendour  to  that  luminar}'.  "Witli 
these  bodies,  which  seem  to  be  scattered  throughout  the  deptlis  of 
immensity  witliout  any  discoverable  limit,  we  acquire  some  ac- 
quaintance by  the  mere  powers  of  natural  vision,  aided  by  those  of 
the  understanding ;  but  this  knowledge  has  received,  especially  in 
modem  times,  prodigious  extension  from  the  auginente<l  range 
given  to  the  eye  by  the  telescope,  and  by  the  great  advances  wliich 
have  been  made  in  mathematical  science,  which  may  be  considered 
as  conferring  upon  the  mind  the  same  sort  of  enlarged  power  as  the 
telescope  hjis  conferred  upon  the  eye. 

3.  Subject  of  astronomy  —  origin  of  tbe  name.  —  The  in- 
vestigation of  the  magnitudes,  distances,  motions,  local  aiTange- 
roents.  and,  so  far  as  it  can  be  ascertained,  the  pliysical  condition 
of  these  great  bodies  composing  the  Univkkse,  constitutes  the 
subject  of  that  branch  of  science  called  AsiRONOiir,  a  tenn  derived 
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from  the  Greek  words  a-rnjp  (aster),  a  stab  (imder  which  all  the 
heavenly  hodies  were  included),  and  i/o/io^  (nomos),  a  law — the 
science  which  expounds  the  laws  which  goyem  the  motions  of  the 
Stabs. 

4.  Xt  treats  of  Inacoessible  objects. — It  is  evident,  therefore, 
that  astronomy  is  distinguished  from  all  other  divisions  of  natural 
science  by  this  peculiarity,  that  the  bodies  which  are  the  subjects 
of  observation  and  inquiry  are  all  of  them  inaccessible.  Even 
the  earth  itself,  which  the  astronomer  regards  as  a  celestial  object 
— an  atTTtio, — is  to  him,  in  a  certain  sense,  even  more  inaccessible 
than  the  others  j  for  the  very  fact  of  his  place  of  observation  being 
confined  strictly  to  its  surface,  an  insignificant  part  of  which  alone 
can  be  observed  by  him  at  any  one  moment,  renders  it  impossible 
for  him  to  examine,  by  direct  observation,  the  earth  as  a  whole, — 
the  only  way  in  which  he  desires  to  consider  it, — and  obliges  him 
to  resort  to  a  variety  of  indirect  expedients  to  acquire  that  know- 
ledge of  its  dimensions,  form,  and  motions  which,  with  regard  to 
other  and  more  distant  objects,  results  from  direct  and  immediate 
observation.  This  circumstance  of  having  to  deal  exclusively  with 
inaccessible  objects  has  obliged  the  astronomer  to  invent  peculiar 
modes  of  reasoning,  and  peculiar  instruments  of  observation,  adapted 
to  the  solution  of  such  problems,  and  to  the  discovery  of  the  neces- 
sary data, 

5.  Blreotton  and  bearing  of  visible  objects. — The  eye  esti- 
mates only  the  direction  or  relative  bearings  of  objects  within  the 
range  of  vision,  but  supplies  no  direct  means  of  determining  their 
distances  from  each  other,  or  from  the  eye  itself. 

The  absolute  direction  of  a  visible  object  is  that  of  a  straight  line 
drawn  from  the  eye  to  the  object. 

The  relative  direction  or  bearing  of  an  object  is  determined  by 
the  angle  formed  by  the  absolute  direction  with  some  other  fixed 
or  known  direction,  such  as  that  of  a  line  drawn  to  the  north,  south, 
east,  or  west. 

6.  They  supply  tbe  means  of  ascertaining  tbe  distances 
and  positions  of  inaccessible  objects. — By  comparing  the  re- 
lative bearings  of  inaccessible  objects,  taken  from  two  or  more 
accessible  points  whose  distance  from  each  other  is  known,  or  can 
be  ascertained  by  actual  measurement,  the  distances  of  such  in€ic- 
cessible  objects  from  the  accessible  objects,  from  the  observer,  and 
from  each  other,  may  be  determined  by  computation.  Such  dis- 
tances being  once  known,  become  the  data  by  which  the  mutual 
distances  of  other  inaccessible  objects  from  the  former,  and  from 
each  other,  may  be  in  like  manner  computed ;  so  that,  by  starting 
in  this  manner  from  two  objects  whose  mutual  distance  can  be 
actually  measured,  we  may  proceed,  by  a  chain  of  computations,  to 
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determine  the  relatiye  distances  and  positions  of  all  other  objects^ 
however  inaccessible,  that  fall  within  the  range  of  vision. 

7.  AnffQlar  macnltnde — its  importanoe.  —  It  will  be  appa- 
rent, therefore,  that  anoulaji  MAeNiTTiDS  plays  a  most  prominent 
part  in  astronomical  investigations,  and  it  is,  before  all,  necessary 
that  the  student  should  be  rendered  familiar  with  it, 

8.  IMTlstoii  of  tlie  oirole — Its  nomenolatore.— A  circle  is 
divided  into  four  equal  arcs,  called  quadrants,  by  two  diameters 
AA'  and  BB'  intersecting  at  right  angles  at 
the  centre  Cy  Jig.  i. 

The  circumference  being  supposed  to  be 
divided  into  360  equal  parts,  each  of 
which  is  called  a  deobee,  a  quadrant  will 
consist  of  90  degrees. 

Angles  are  subdivided  in  the  same  man- 
ner as'  the  arcs  which  measure  th^n,  and 
accordingly  a  rigjiit  angle,  such  as  a  c  b, 
being  divided  into  90  equal  angles,  each 
of  these  is  a  begbee.  i^>s-  >• 

If  an  angle  or  arc  of  one  degree  be  di- 
vided into  60  equal  parts,  each  of  these  is  called  a  minute. 

K  an  angle  or  arc  of  one  minute  be  divided  into  60  equal 
parts,  each  such  part  is  called  a  second. 

Angles  less  than  a  second  are  usually  expressed  in  decimal  parts 
of  a  second. 

Degrees,  minutes,  and  seconds  of  Space  are  usually  expressed  by 
the  signs  °,  %  ";  thus  23°  30'  4.o"-9  means  an  angle  or  arc  whiclk 
measures  23  degrees,  30  minutes,  40  seconds,  and  9  tenths  of  a 
second. 

The  letters  m  and  s  are  generally  used  to  express  minutes  and 
seconds  of  Time.  Thus,  23**  30"  40**9,  expresses  an  interval  of 
time  consisting  of  23  hours,  30  minutes,  40  seconds,  and  9  tenths 
of  a  second.  This  symbolical  distinction  in  representing  time  and 
space  is  found  not  only  a  practical  convenience  in  computations 
where  both  must  necessarily  appear,  but  it  is  also  a  means  of  pre- 
venting many  errors  which  may  easily  occiu*,  when  one  set  of 
symbols  is  used  in  both  cases. 

9.  Metbods  of  ascertaining'  tbe  direction  of  a  visible  and 
distant  object. — It  might  appear  an  easy  matter  to  observe  the 
exact  direction  of  any  point  placed  within  the  range  of  vision, 
since  that  direction  must  be  thiit  of  a  straight  line  passing  directly 
from  the  eye  of  the  observer  to  the  point  to  be  observed.  If  the 
eye  were  supplied  with  the  appendages  necessary-  to  record  and 
measure  the  directions  of  visible  objects,  this  would  bo  true,  and 
the  organ  of  sight  woidd  be  in  fact  a  philosophical  instrument. 
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The  eve  is,  however,  adapted  to  other  and  different  uaes,  and  con- 
structed to  play  a  different  part  in  the  animal  economy;  and 
invention  has  been  stimulated  to  supply  expedients,  by  means  of 
which  the  exact  directions  of  visible  distant  points  can  be  ascer- 
tained, obsen-ed,  and  compared  one  with  another,  so  as  to  supply 
the  vaiious  data  necessary  in  the  classes  of  problems  connected 
with  astronomy,  some  of  which  we  shall  have  occasion  hereafter 
to  advert  to. 

IQ.  Vse  j0f  slfflits« — The  most  simple  expedient  by  which  the 
visual  direction  of  a  distant  point  can  be  detennined  is  by  sights, 
wliich  are  small  holes  or  narrow  slits  made  in  two  thin  opaque 
plates  placed  at  right  angles,  or  nearly  so,  to  the  line  of  vision, 
and  so  arranged,  that  when  the  eye  is  placed  behind  the  posterior 
opening  the  object  of  observation  shall  he  visible  through  the 
anterior  opening.  Eveiy  one  is  rendered  familiar  with  this 
expedient  by  its  application  to  iire-arms  as  a  method  of  "  taking 
aim." 

This  contri.vanoe  is,  however,  too  rude  and  susceptible  of  error 
within  too  wide  limits,  to  be  available  for  astronomical  purposes, 
tliough  occa^ieaally  it  is  used  in  large  instruments  as  an  assistance 
in  setting  for  bright  objects. 

1 1 .  Appliration  of  tbe  telescope  to  Indicate  tbe  Tisaal 
dlrectioii  of  micsoinetrlo  wires.  —  The  telescope  (0.  501)  sup- 
plies means  of  determining  the  diret:tion  of  the  visual  ray  with  all 
the  necessary  precision. 

If  T  T\Ji(j.  2,  I'epreseirt  the  tube  of  a  telescope,  T  the  extremit>' 
in  which  the  abject-glass  is  fixed,  and  t'  tlie  end  wlujre  the  images 

t'         _^ ._ 
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of  distant  objects  to  which  the  tube  is  directed  are  formed,  the 
visual  direction  of  any  object  will  be  that  of  the  line  *'  c  drawn 
from  the  Image  of  such  object  fonued  in  the  Ji^M  of  vine  of  tlie 
telesc()j)e  to  the  centre  c  of  the  object-glass,  for  if  this  lino  be 
continued  it  will  pass  through  the  object  s. 

But  since  the  field  of  view  of  the  t(>h\scope  is  a  circular  space  of 
definite  extent,  within  which  many  o]>jects  in  different  directions 
may  at  tlie  same  time  be  visible,  some  expedient  is  necessarv  bv 
which  one  or  more  fixed  points  in  it  may  be  permanently  marked, 
or  by  which  the  entire  field  may  be  spaced  out  as  a  map,  by  the 
linos  of  latitude  and  longitude. 

This  is  accomplished  by  a  system  of  fibres,  or  wires  (m.  38)  so 
thin  that  even  when  magnified  they  will  appear  like  hairs.     In 


METHODS  OF  I^^VESTIGATION. 


5 


Lnstrunients  of  great  precision,  the  web  of  a  peculiar  kind  of 
spider  is  used  for  this  purpose.  These  wires  are  extended  in  u 
frame  fixed  within  the  eye-piece  of  the  telescope,  so  that  they 
appear  when  seen  through  the  eye-glass  like  fine  lines  drawn 
across  the  field  of  view.  They  are  differently  arranged,  according 
to  the  sort  of  obser\'ation  to  which  the  instrument  is  to  be  applied. 

1 2.  Une  of  oollimatioii. — In  some  cases  two  wires  intersect 
at  right  angles  at  the  centre  of  the  field  of  view,  diWding  it  into 
quadrants,  as  represented  in  fig,  i.  The  wires  are  so  adjusted  that 
their  point  of  intersection  c  coincides  with  the  axis  of  the  telescopic 
tube  ;  and  when  the  instrument  is  so  adjusted  that  the  point  of  ob- 
servation, a  star  for  example,  is  seen  precisely  upon  the  intersection 
c  of  the  wires,  the  line  of  direction,  or  visual  ray  of  that  star,  will 
be  the  line  »'c,^.  2,  joining  the  intersection  c,^.  i,  of  the  wires 
with  the  centre  c^fig,  2  of  the  object-glass. 

The  line  ff  c,  fig.  2,  is  technically  called  the  line  of  coUimati^m. 

13.  Applioation  of  tlie  telescope  to  a  graduated  instru- 
ment*— The  telescope  thus  prepared  is  attached  to  a  gi'aduated 
instrument  by  which  angular  magnitudes  can  be  observed  and  mea- 
sured. Such  instruments  vary  infinitely  in  form,  magnitude,  and 
mode  of  mounting  and  adjustment,  according  to  the  purposes  to 
which  they  are  applied,  and  to  the  degree  of  precision  necessary  in 
the  observations  to  be  made  with  them.  To  explain  and  illustrate 
the  general  principles  on  which  they  arc  constructed  we  shall  take 
the  example  of  one,  which  consists  of  a  complete  circle  graduated 
in  the  usutd  manner,  being  the  most  common  form  of  instrument 
used  in  astronomy  for  the  measurement  of  angular  distances. 

Such  on  apparatus  is  represented  in  fig.  3.  The  circle  A  B  c  D, 
on  which  the  divisions  of  the  gi*aduation  are  accurately  engraved,  is 
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connected  with  its  centre  by  a  series  of  spokes  x  y  z.    At  its  centre 
18  a  circular  hole^  in  which  an  axle  is  inserted  so  as  to  turn  smoothly 
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in  it,  and  wliile  it  turns  to  be  always  concentric  with  tlie  circle  A 
BCD.  To  this  axle  the  telescope  a  6  is  attached  in  such  a  man« 
ner  that  the  imaginary  line  t^  c,  Jig.  2,  which  joins  the  intersection 
of  the  wires,  Jiff,  i ,  with  the  centre  of  the  object-glass,  shall  be 
parallel  to  the  plane  of  the  circle,  and  in  a  plane  passing  through 
its  centre  and  at  right  angles  to  it. 

At  riprht  angles  to  the  axis  of  the  telescope  are  two  arms,  m  it, 
which  form  one  piece  with  the  tube,  so  that  when  the  tube  is  turned 
with  the  axis  to  which  it  is  attached,  the  arms  m  n  shall  turn  also, 
always  preserving  their  direction  at  right  angles  to  the  tube. 
Marks  or  indices  are  engraved  upon  the  extremities  m  and  n  of  the 
arms  which  point  to  the  divisions  upon  the  limb  (as  the  divided 
arc  is  called). 

A  clamp  is  provided  on  the  instrument,  by  which  the  telescope, 
being  brought  to  any  desired  position,  can  be  fixed  immovably  in 
that  position,  while  the  observer  examines  the  divisions  upon  the 
limb  to  which  the  indices  m  and  n  are  dii*ected. 

Now  let  us  suppose  that  the  visual  angle  under  the  directions  of 
two  distant  objects  within  the  range  of  vision  is  required  to  be 
measured.  The  circle  being  brought  into  the  plane  of  the  objects, 
and  fixed  in  it,  the  telescope  is  moved  upon  its  axis  until  it  is 
directed  to  one  of  the  objects,  so  that  its  image  shall  coincide  exactly 
with  the  intersection  of  the  wires.  The  telescope  is  then  clamped, 
and  the  observer  examines  the  divisions  of  the  divided  limb,  to  which 
one  of  the  indices,  m  for  example,  is  directed.  This  process  is 
called  "reading  off."  The  clomp  being  disengaged,  the  telescope 
is  then  in  like  manner  directed  to  the  other  object,  and  being 
clamped  as  before,  the  position  of  the  index  is  again  "  read  off." 
The  difl^erence  between  the  numbers  which  indicate  the  position  of 
the  same  index  in  both  cases,  will  evidently  be  the  visual  angle 
under  the  directions  of  the  two  objects. 

As  a  means  of  further  accuracy,  both  the  indices  m  and  n  may  be 
"  read  off,"  and  if  the  results  differ,  which  they  always  will  slightly, 
owing  to  various  causes  of  error,  a  mean  of  the  two  may  be  taken. 

It  is  evident  that  the  same  residts  would  be  obtained  if,  instead 
of  making  the  telescope  move  upon  the  circle,  it  were  immovably 
attached  to  it,  and  that  the  circle  itself  turned  upon  its  centre,  as 
a  wheel  does  upon  its  axle,  carrying  the  telescope  with  it.  In 
this  case  the  divided  limb  of  the  circle  is  made  to  move  before 
a  fixed  index,  and  the  angle  under  the  directions  of  the  objects 
will  bo  measured  by  the  length  of  the  arc  which  passes  before  the 
index. 

Such  a  combination  is  represented  in  section  in  ^g,  4,  where  T 
is  the  telescope,/!  the  pieces  by  which  it  is  attached  to  the  circle  a 
B  seen  edgewise,  the  axis  of  which  i)  works  in  a  solid  block  of  metal. 
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The  fixed  index  p  is  directed  to  the  graduated  limh  which  moves 
before  it. 


Fig.  4, 

This  is  the  most  frequent  method  of  mounting  instruments  used 
in  astronomy  for  angular  measurement. 

14.  Xxpedlents  for  measnrlnff  tbe  fraction  of  a  division. — 

It  will  happen  in  general  that  the  index  will  be  directed,  not  to  any 
exact  division,  but  to  some  point  intermediate  between  two  divi- 
sions of  the  limb.  In  that  case  expedients  are  provided  by  which 
the  distance  between  the  index  and  the  last  division  which  it  has 
passed,  may  be  ascertained  with  an  extraordinary  degree  of 
precision. 

I  5.  By  a  vernier. — This  may  be  accomplished  by  means  of  a 
supplemental  scale  called  a  Vernier.    (P  229.) 

16.  By  a  compound  microscope,  and 
micrometric  screw. — The  same  object  may, 
however,  be  attained  with  far  greater  accu- 
racy by  means  of  a  compound  microscope 
mounted  as  represented  in  fig,  5,  so  that  the 
observer  looks  at  the  index  through  it.  A 
system  of  cross  wires  is  placed  in  the  field 
of  view  of  the  microscope,  and  the  whole  may 
be  so  adjusted  by  the  action  of  a  fine  screw, 
that  the  index  shall  coincide  precisely  with 
the  intersection  of  the  wires.  The  screw  is 
then  turned  until  the  intersection  of  the  cross 
is  brought  to  coincide  with  the  previous  divi- 
sion of  the  limb ;  and  the  number  of  turns  and  fraction  of  a  turn 
of  the  screw  will  give  the  fraction  of  a  degree  between  the  index 
and  the  previous  division  of  the  limb. 

It  is  necessary,  however,  to  ascertain  previously  the  value  of  a 
complete  revolution  of  the  screw.  This  is  easily  done  by  placing  the 
cross- wires  which  are  carried  by  the  micrometric  screw,  on  conse- 
cutive divisions  of  the  limb.     Dividing,  then,  the  value  in  arc  be- 
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tween  two  divisions,  which  is  always  known,'  by  the  number  of  tuma 
and  fraction  of  a  turn,  the  arc  which  corresponds  to  one  complete 
revolution  of  the  niicronietric  screw,  will  be  found. 

17.  Observation  and  measurement  of  minute  angles. — 
When  the  points  between  which  the  anjridar  distance  required  to 
be  ascertained  are  so  close  together  as  to  be  seen  at  one  and  the 
same  time  within  the  field  of  view  of  the  telescope,  a  method  of 
measui-ement  is  applicable,  which  admits  of  even  greater  relative  ac- 
curacy than  do  the  methods  of  observing  large  angular  distances. 
This  arises  from  the  fact  that  the  distance  between  such  points  may 
be  determined  by  various  forms  of  micrometric  instnmients,  in  which 
tine  wires,  or  lines  of  spider's  web,  are  mdved  in  a  direction  per- 
pendicular to  their  lemrth,  so  as  to  pass  successively  througli  the 
points  whose  distance  is  to  be  observed. 

18.  Tbe  parallel  wire  micrometer. —  One  of  the  forms  of 
micrometric  apparatus  used  for  this  purpose  is  represented  in  trans- 
verse section  in  Jig,  6.    This,  which  is  called  tie  parallel  ^\ieb 
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MICROMETEK,  consists  of  two  sliding  frames,  across  which  the  parallel 
wires  or  threads  c  D  are  stretched.  These  frames  are  both  moved 
in  a  direction  perpendicular  to  that  of  the  wires  by  screws,  con- 
structed with  very  fine  threads,  and  called  fi*om  their  use  micko- 
METEB-8CBEW8.  This  frame  is  placed  in  the  focus  of  the 
object-glass  of  the  telescope,  so  that  the  eye  viewing  the  objects 
under  observation  sees  also  distinctly  the  parallel  and  movable 
wires.  These  wires  are  moved  by  the  screws  until  they  pass 
through  the  points,  whose  distance  asunder  is  to  be  measured. 
This  being  accomplished,  one  of  tliem  is  moved  until  it  coincides 
with  the  other,  and  the  number  of  turns  and  parts  of  a  turn  of  tlie 
screw  necessary  to  produce  this  motion,  gives  the  angular  distance 
between  the  points  imder  observation. 

In  this,  as  in  the  case  explained  in  (16)  it  is  necessary  that  the 
angle  coiTcsponding  to  one  complete  revolution  of  the  micrometer- 
screw  be  previously  ascertained ;  and  this  is  done  by  a  process 
precisely  similar  to  that  explained  in  the  fonner  case.    An  object 
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of  known  angular  magnitude,  as,  for  example,  a  foot  rule  at  the 
distance  of  a  hundred  yards,  is  observed,  and  the  number  of  tunis 
necessary  to  carry  the  wire  from  end  to  end  of  its  image  is  ascer- 
tained. The  angle  such  a  rule  subtends  at  that  distance  being 
di\'idcd  by  the  number  of  turns  and  parts  of  a  turn,  the  quotient  is 
the  angle  corresponding  to  one  complete  revolution  of  the  screw. 

1 9.  Measurement  of  tlie  apparent  diameter  of  an  object. — 
When  an  object  is  not  too  great  to  be  included  in  the  field  of  view 
of  the  telescope,  its  apparent  diameter  can  be  measured  by  such  an 
apparatus.  To  accomplish  this,  these  screws  are  turned  until  tlie 
wires  c  and  D,  fig,  6,  are  made  to  touch  opposite  sides  of  the  disk 
of  the  object.  One  of  the  screws  is  then  turned  until  the  wires 
coincide,  and  the  number  of  turns  and  parts  of  a  turn  gives  the 
apparent  magnitude. 

20.  Tbe  double  Ima^e  micrometer. — The  method  in  general 
practice  in  large  observatories  for  the  measurement  of  apparent 
diameters  of  planets  and  angular  distances  of  binary  stars,  is  by 
means  of  the  Doitble  image  ihcbometer.  This  apparatus  con- 
sists of  a  four-glass  eye-piece,  in  which  the  lenses  are  so  arranged, 
that  the  axis  of  the  pencil  of  rays  from  each  point  of  an  observed 
object,  passes  through  the  centre  of  the  lens  which  is  next  to  the 
object-glass.  One  half  of  this  lens  is  fixed,  the  other  is  moved  by 
a  micrometer-screw  with  a  gi-aduated  head.  The  instrument  is 
furnished  with  a  small  graduated  circle,  by  whicli  the  angles  of 
position  of  objects  may  be  measured. 

In  the  field  of  view  two  images  are  seen,  one  of  them  being  fixed, 
the  other  movable  by  the  aid  of  the  micrometer-screw.  Tlie 
diameter  of  an  object  is  therefore  found  by  placing  one  edge  of  the 
movable  object  in  coincidence  with  the  edge  of  the  fixed  object, 
and  then  reading  th'e  divisions  on  the  micrometer-head.  The  screw 
is  then  tiinied  until  the  movable  image  is  on  the  opposite  side  of 
the  fixed  image  when  they  are  placed  in  coincidence  as  before. 
The  diflerence  of  the  two  micrometer  readings  is  twice  the  diameter 
of  the  object  in  terms  of  revolutions  of  the  micrometer-screw.  The 
value  of  one  revolution  being  known,  the  angvdar  measiu^ment  is 
easily  determined. 
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2 1 .  Knowledire  of  tlie  instrnmonts  of  obsorratton  neoes- 
Murjr.^  Before  proceeding  to  explain  the  fomi  and  density  of  the 
earthy  or  the  general  aspect  of  the  fimiament,  and  fixed  lines  and 
points  upon  it,  by  which  the  relative  position  and  motions  of  celes- 
tial objects  ai-e  defined,  it  will  be  necessary  to  explain  the  principal 
instniments  with  which  an  observatoiy  is  furnished,  and  to  show 
the  manner  in  which  they  are  applied,  so  as  to  obtain  those  ac- 
curate data  which  supply  the  basis  of  those  calculations  from  which 
has  resulted  our  knowledge  of  the  great  laws  of  the  universe.  We 
shall  therefore  here  explain  the  form  and  use  of  such  of  the  instru- 
ments of  an  observatory  as  are  indispensably  necessary  for  the 
obsen-ations  by  which  such  data  are  supplied. 

All  astronomical  observation  is  limited  either  to  ascertain  the 
magnitudes,  forms,  and  appearance  of  celestial  objects,  or  to 
determine  the  places  they  occupy  at  any  given  moment  on  the 
tinnament. 

To  attain  the  former  object,  telescopes  are  constructed  with  the 
jfrcatest  practicable  magnifying  and  illuminating  powers,  and  so 
mounted  as  to  enable  the  observer  with  all  the  requisite  facility  to 
present  them  to  tliose  parts  of  the  heavens  in  which  the  objects  of 
his  observation  ore  placed. 

To  attain  the  latter,  it  is  necessary  to  provide  an  apparatus  by 
which  the  direction  of  the  visual  line  of  the  object  of  observation 
relatively  to  some  fixed  line  and  some  fixed  plane  can  be  ascer- 
tained. The  visual  line  being  the  straight  line  drawn  from  the  eye 
of  the  observer  to  the  object,  at  the  moment  of  the  observation,  and 
having,  therefore,  no  material  tangible  or  permanent  existence,  by 
which  it  can  be  submitted  to  measurement,  it  is  necessary  to  con- 
trive some  materiid  line  with  which  the  visual  line  shall  coincide. 
The  telescope  supplies  an  easy  and  exact  means  of  accomplishing 
this.  When  it  is  directed  so  that  the  object  or  its  centre,  if  it  have 
a  disk,  is  seen  upon  the  intersection  of  tlie  middle  wires  in  the  eye- 
piece, tlie  visuid  direction  of  the  object  is  the  line  drawn  from  the 
centre  of  the  object-glass  of  the  telescope  to  the  intersection  of  the 
middle  wires. 

Now  the  telescope  being  attached  to  a  graduated  circle  is  ao 
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placed,  that  the  lino  joining  the  centre  of  the  object-glass  with  the 
Intersection  of  the  wires  is  parallel  to  a  diameter  of  the  circle. 
This  diameter  will  therefore  be  the  direction  of  the  visual  line.  If 
the  circle  thus  arranged  be  so  mounted  that  a  line  drawn  from  the 
observer  to  the  fixed  point  of  reference,  whatever  that  point  be, 
shall  be  parallel  also  to  a  diameter  of  the  circle,  and  if  the  circle  be 
so  mounted  that,  however  its  position  may  otherwise  be  changed, 
one  of  its  diameters  shall  always  pass  through  the  fixed  point  of 
reference,  the  ang^ar  distance  of  the  object  of  observation  from  the 
fixed  point  of  reference  will  always  be  equal  to  the  angle  formed 
by  the  two  diameters  of  the  circle,  one  of  which  is  parallel  to  the 
line  joining  the  centre  of  the  object-glass,  with  the  intersection  of 
the  wires  at  the  moment  of  the  observation,  and  the  other  parallel 
to  the  line  drawn  from  the  observer  to  the  fixed  point  of  reference. 

Rut  this  is  not  yet  enough  to  determine  in  a  definite  manner  the 
position  of  the  object  on  the  heavens.  A  great  many  difierent 
objects  may  have  the  same  angular  distance  from  the  fixed  point  of 
reference.  If  a  plane  be  imagined  to  pass  at  right  angles  to  a  line 
drawn  from  the  observer  to  the  fixed  point  of  reference,  it  will 
intersect  the  celestial  sphere  in  a  certain  circle,  every  point  of  which 
will  obviously  be  at  the  same  angular  distance  from  the  point  of 
reference.  To  render  the  position  of  the  object  of  observation 
determinate,  it  is  therefore  necessary  to  know  the  position  of  the 
plane  of  the  graduated  circle,  with  relation  to  a  circle  whose  plane 
is  at  right  angles  to  that  diameter  of  the  celestial  sphere  which 
passes  through  the  fixed  point  of  reference. 

The  plane  of  the  gi'aduated  circle  may  be  fixed  or  movable.  If 
fixed,  its  position  with  relation  to  the  fixed  point  of  reference  is 
ascertained  once  for  all;  after  which,  the  position  of  the  object  of 
observation  will  be  determined  merely  by  its  angular  distance  from 
the  point  of  reference.  If  movable,  it  is  necessary  to  provide 
another  graduated  circle,  the  plane  of  which  is  perpendicular  to  the 
first,  and  upon  which  some  fixed  direction  is  marked.  The  position 
of  tlie  plane  of  the  movable  circle,  which  carries  the  telescope, 
with  relation  to  this  latter  fixed  direction,  is  then  ascertained  by 
the  arc  of  the  second  graduated  circle,  which  is  included  between 
the  movable  circle  and  such  fixed  direction. 

All  instruments  of  observation  for  determining  the  position  of 
objects  on  the  celestial  sphere  are  constructed  and  mounted  on  one 
or  other  of  these  principles ;  and  they  differ  one  from  another  in 
respect  to  the  point  adopted  as  the  fixed  point  of  reference,  and  the 
plane  at  right  angles  to  the  diameter  of  the  sphere  passing  through 
that  point  with  relation  to  which  the  position  of  the  circle,  if  it  be 
movable,  is  determined. 

The  fixed  point  of  reference  is,  in  all  cases,  either  the  zenith  or 
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the  pole ;  and  the  plane  of  reference,  consequently,  either  that  of 
the  horizon  or  the  "equator. 

22.  Tlie  astronomical  olook. —  Since  the  immediate  objects  of 
all  astronomiail  observation  are  motions  and  magnitudes,  and  since 
motions  are  measured  by  the  comparison  of  space  and  time,  one  of 
the  most  important  instruments  of  observation  is  the  time-piece  or 
chronometer,  which  is  constructed  in  vaiious  forms,  according  to 
the  circumstances  under  which  it  is  used  and  the  degree  of  accuracy 
necessary  to  be  obtained.  In  a  stationary  observatory,  a  pendu- 
lum clock  is  the  form  adopted. 

The  rate  of  the  astronomical  clock  is  so  regulated  that,  if  any  of 
the  stars  be  observed  which  are  upon  the  celestial  meridian  at  the 
moment  at  which  the  hands  point  to  (>**•  o"**  o'*,  they  will  again 
point  to  o***  o"*'  o*'  when  the  same  stars  are  next  seen  on  the  meri- 
dian. The  interval,  which  is  called  a  sidereal  day,  is  divided  into 
twenty-four  equal  paits,  cjdled  sidereal  hours.  The  hour-hand 
moves  over  one  principal  division  of  its  dial  in  this  interval.  In 
like  manner  the  minute  and  second-hands  move  on  divided 
circles,  each  moving  over  the  successive  divisions  in  the  intervals  of 
a  minute  and  a  second  respectively. 

The  pendulum  is  the  original  and  only  real  mcasiu^  of  time  in 
this  instrument.  The  hands,  the  dials  on  which  they  play,  and  the 
mechanism  which  regulates  and  proportions  their  movements,  arc 
only  expedients  for  registering  the  number  of  vibrations  which  the 
pendulum  has  made  in  the  intervtd  which  elapses  between  any  t«vo 
phenomena.  Apart  from  this  convenience  a  mere  pendulum  uncon- 
nected with  wheel  work  or  any  other  mechanism,  the  v-ibrationa  of 
which  would  be  counted  and  recorded  by  an  observer  stationed  near 
it,  would  equally  serve  as  a  measure  of  time. 

And  this,  in  fact,  is  the  method  actually  used  in  all  exact  astro- 
nomical observations.  The  eye  of  the  observer  is  occupied  in  watch- 
ing the  projyress  of  the  object  moving  over  the  wires  (i  i)  in  the 
field  of  view  of  the  telescope.  His  ear  is  occupied  in  noting,  and 
his  mind  in  counting  the  successive  beats  of 
the  pendulum,  which  in  all  astronomical 
clocks  is  go  constructed  as  to  produce  a  suffi- 
ciently loud  and  distinct  sound,  marking  the 
close  of  each  successive  second.  The  prac- 
tised observer  is  enabled  with  considerable 
precision  in  this  way  to  subdivide  a  second, 
and  determine  the  moment  of  the  occurrence 
of  a  phenomenon  within  a  small  fraction  of 
that  interval.  A  star,  for  example,  is  seen  to 
the  left  of  the  wire  mm'  at  By  Jiff.  7,  at  one  beat  of  the  pendulum, 
and  to  the  right  of  it  at  «'  with  the  next.    The  observer  estimates 
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with  great  precision  the  proportion  in  which  the  wire  divides  the 
distance  between  the  points  a  and  »',  and  can  therefore  determine 
the  fraction  of  a  second  after  being  at  s,  at  which  it  was  upon  the 
wire  m  m\ 

Although  the  art  of  constructing  chronometers  has  attained  a 
surprising  degree  of  perfection,  it  is  not  perfect,  and  the  rate  of 
even  the  best  of  such  instruments  is  not  absolutely  uniform.  It  is 
therefore  necessary  from  time  to  time  to  check  the  indications  of 
the  clock  by  observing  its  rate.  If  the  clock  were  absolutely 
perfect,  the  pendulum  would  perform  exactly  86,400  vibrations  in 
the  interval  between  two  successive  returns  of  the  same  star  to  the 
meridian.  Now  a  good  astronomical  clock  will  seldom  make  so 
many  as  86,401  nor  so  few  as  86,399  vibrations  in  the  interval.  In 
the  one  case  its  rate  would  be  too  fast,  and  in  the  other  too  slow  by 
I  in  86,400.  Even  with  such  an  erroneous  rate  the  error  thrown 
upon  an  observation  of  one  hour  would  not  exceed  the  24th  part  of 
a  second.  If,  however,  the  rate  be  observed,  even  this  error  may 
be  allowed  for,  and  no  other  will  remain  save  the  remote  possibility 
of  a  change  of  rate  since  the  rate  was  last  ascertained. 

23.  Tlie  transit  instrnment, — All  the  most  important  astro- 
nomical observations  are  made  at  the  moment  when  the  objects 
observed  are  upon  the  celestial  meridian,  and  in  a  very  extensive 
class  of  such  observations  the  sole  purpose  of  the  observer  is  to 
detennine  with  precision  the  time  when  the  object  is  brouj^ht  to 
the  meridian  by  the  apparent  diurnal  motion  of  the  firmament. 

This  phenomenon  of  passin^j;  the  meridian  is  called  the  transit  ; 
and  an  instrument  mounted  in  such  a  manner  as  to  enable  an 
observer,  supplied  with  a  clock,  to  ascertain  the  exact  time  of  the 
TRANSIT  is  cidled  a  transit  instrument. 

Such  an  instrument  consists  of  a  telescope  so  mounted  that  the 
line  of  collimation  wi^l  be  successively  directed  to  every  i)oint  of 
the  celestial  meridian  when  the  telescope  is  moved  upon  its  axis 
through  180^ 

This  is  accomplished  by  attaching  the  telescope  to  an  axis  at 
right  angles  to  its  line  of  collimation,  and  placing  the  extremities 
of  such  axis  on  two  horizontal  supports,  which  are  exactly  at  the 
same  level,  and  in  a  line  directed  east  and  west.  The  line  of 
collimation  when  horizontal  will  therefore  be  directed  north  and 
south ;  and  if  the  telescope  be  turned  on  its  axis  tlirough  1 80°, 
its  line  of  collimation  will  move  in  the  plane  of  the  nioridiun, 
and  will  be  successively  directed  to  all  points  on  tlio  celestial  meri- 
dian from  the  north  to  the  pole,  thence  to  the  zenith,  and  thence 
to  the  south. 

The  instrument  thus  mounted  is  represented  in  Jiff.  8.  Two 
stone  piers  are  erected  on  a  solid  foundation  standing  east  and 
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west.    In  the  top  of  each  of  them  is  inserted  a  metallic  support  ip 
the  form  of  a  T  to  receive  the  cylindrical  extremities  of  the  trans- 
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verse  arms  A  B  of  the  instrument.  The  tube  of  the  telescope  CD 
consists  of  two  equal  pails  inserted  in  a  central  globe,  forming  part 
<if  the  transversal  axis  A  B.  Thus  mounted,  the  telescope  can  be 
made  to  revolve  like  a  wheel  upon  the  axis  ab,  and  while  it  thus 
revolves  its  lino  of  coUimation  woidd  be  directed  successively  to 
all  the  points  of  a  vortical  circle,  the  plane  of  which  is  at  right 
angles  to  the  axis  ab.  If  the  axis  be  exactly  directed  east  and 
west,  this  vertical  must  be  the  meridian. 

24.  zts  atUustments. — This,  however,  supposes  three  condi- 
tions to  be  fulfilled  witli  absolute  precision : 
1  St.     The  axis  A  B  must  be  level. 

2ndly.    The  line  of  coUimation  must  be  perpendicular  to  it 
3rdly.    It  must  be  directed  duo  east  and  west. 
In  the  original  construction  and  mounting  of  the  instrument 
these  three  conditions  arc  kept  in  view,  and  are  nearly,  but  cannot 
be  exactly,  fulfdled  in  the  first  instance.    In  all  astronomical  in- 
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Btruments  the  conditions  which  they  are  Tequired  to  fulfil  are  only 
approximated  to  in  the  making  and  mounting ;  but  a  class  of  ex- 
pedients called  ADJUSTMENTS  are  in  all  cases  provided,  by  which 
eacb  of  the  requisite  conditions,  only  nearli/  attained  at  first,  are 
fulfilled  with  infinitely  greater  precision. 

In  all  sucfa  adjustments  two  provisions  are  necessary:  Jirstf  a 
method  of  detecting  and  measuring  the  deviation  from  the  exact 
fulfilment  of  the  requisite  condition ;  and  secondli/,  an  expedient  by 
which  sucb  deviation  can  be  corrected. 

25.  To  make  the  axis  level.  — If  the  axis  ab  be  not  truly 
level,  its  deviation  from  this  direction  may  be  ascertained  by  sus- 
pending upon  it  a  spibit  level. 

This  consists  of  a  glass  tube  nearly  filled  with  alcohol  or  ether, 
liquids  selected  for  the  purpose,  in  consequence  of  the  absence  of 
all  viscidity,  their  perfect  mobility,  and  because  they  are  not 
liable  to  congelation.    The  tube  ±B,Jig.  9,  is  formed  slightly  con- 
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vex,  and  when  it  is  placed  horizontally  with  its  convexity  upwards, 
the  bttbbie  a  h  produced  by  its  deficient  fulness  will  take  the  high- 
est position,  and  therefore  rest  at  the  centre  of  its  length.  Marks 
are  engraved  on  or  attached  to  the  tube  at  a  and  b  indicating  the 
centre  of  its  length.  The  tube  is  attached  to  a  straight  bar  c  d,  or 
so  moimted  as  to  be  capable  of  being  suspended  from  two  points 
c'  d',  and  is  so  adjusted  that  when  the  lower  surface  of  the  bar  c  P, 
or  the  line  joining  the  two  points  of  suspension  c'd',  is  exactly 
level,  the  bubble  will  rest  exactly  in  the  centre  of  the  tube  between 
the  marks  a  and  b. 

To  ascertain  whether  a  surface,  or  the  line  joining  two  proposed 
points,  be  level,  the  instrument  is  applied  upon  the  one,  or  sus- 
pended from  the  other.  If  the  bubble  rest  between  the  marks  a 
and  b,  they  are  level ;  if  not,  that  direction  towards  which  it 
deviates  Ls  the  more  elevated,  and  it  must  be  lowered,  or  the  other 
raised.  The  operation  must  be  repeated  until  the  bubble  is  found 
to  rest  between  the  central  marks  a  and  b,  whichever  way  the 
level  be  placed. 
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A  level  is  provided  for  the  transit  instrument  with  two  loops  of 
suspension  corresponding  with  the  cylindrical  extremities  of  the 
axis  A  'Bjjig.  8,  so  that  its  points  of  suspension  may  rest  on  these 
cylinders.  If  it  be  foimd  that,  when  the  level  is  properly  sua*- 
pended  thus  upon  the  axis,  the  bubble  rests  nearer  to  one  extremity 
than  tlie  other,  it  will  be  necessaiy  to  raise  that  end  from  which  it 
is  more  remote,  or  to  lower  that  to  which  it  is  nearer. 

To  accomplish  this,  one  of  the  supports  in  which  the  extremity 
A  of  the  axis  rests  is  constructed  so  as  to  be  moved  through  a  small 
space  vertically  by  a  finely  constructed  screw.  This  support  is 
therefore  raised  or  lowered  by  such  means,  until  the  bubble  of  the 
level  rests  between  the  central  marks  a  and  ft,  whichever  way  the 
level  be  suspended. 

26.  To  make  tbe  line  of  collimation  perpendiouUur  to  tlie 
axis. —  It  must  be  remembered,  that  the  line  of  collimation  is  a 
line  drawn  from  the  centro  of  the  object-glass  to  the  middle  wire 
in  the  iiold  of  view  of  the  telescope.  The  centro  of  the  object- 
glass  is  fixed  i-ehitively  to  the  telescope,  but  the  wires  are  eo 
mounted  that  their  p<iaition  can  be  moved  through  a  certain  small 
space  by  means  of  a  micrometer-screw.  One  end  of  the  line  of 
colliiiiation,  thercforc,  being  movable,  while  the  other  is  fixed,  its 
dii-ection  may  be  changed  at  pleasure  within  limits  determined  by 
the  construction  of  the  eye-glass  and  its  micrometer. 

To  ascertain  wliethor  the  line  of  collimation  is  or  is  not  at  right 
angles  to  the  lino  joining  the  points  of  support  A  and  'Bjjig.  8,  let 
jmy  distant  point  be  observed  which  may  be  bisected  by  the  centre 
wire.  I-.et  the  instrument  be  tlien  reversed  upon  its  supports,  the 
end  of  the  axis  wliich  rested  on  a  being  transferred  to  ft,  and  that 
wliich  rested  on  ft  to  a,  and  let  the  same  object  be  observed.  If  it 
still  coincide  with  the  centre  wire,  the  line  of  collimation  is  in  the 
proper  direction ;  but  if  not,  its  distance  from  tlie  wire  will  be 
iwice  the  deviation  of  the  line  of  collimation  from  the  perpendicu- 
lar, and  the  wires  must  be  moved  by  the  adjusting  screw,  until 
the  centre  wire  is  moved  towards  the  object  through  half  of  its 
apparent  distance  from  it. 

To  render  this  more  clear,  let  A  i^,f(f.  10,  represent  the  direc- 
tion of  the  axis,  c  P  that  of  a  line  exactly  at  right  .in«rles  to  it,  or 
the  direction  wiiich  is  to  be  given  to  the  lino  of  collimation,  and 
let  CD'  repres<*nt  the  erroneous  direction  which  that  line  actually 
lias.  Let  s  1)0  a  distant  object  to  which  it  is  observed  to  be 
diif^rted,  this  o))ject  being  seen  upon  the  centre  wire.  If  the 
instrmnont  bo  rovcr^^ed,  the  lino  CD' will  have  the  diroction  CD", 
d«niating  as  much  from  CD  to  the  i-ight  as  it  before  deviated  to  the 
h*ft.  The  obje(rt  s  will  now  be  seen  at  a  distance  to  the  left  of  the 
fontre  wii-e  which  measures  the  angle  d'cd",  which  is  twice  the 
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angle  dod',  or  the  deviation  of  the  line  of  collimation  from  the 
perpendicular  d  c. 

27.  To  render  tlie  direotion  of  tlie  supports  due  east  and 
west. — This  is  in  some  cases  accomplished  by  a  meridian  mark, 
which  is  a  distinct  object,  such  as  a 

white  vertical   line   painted   on  a  g,  , 

black  ground,  erected  at  a  sufficient  \  / 

distance  from  the  instrument  in  the  \  / 

exact  meridian  of  the  obsen-atory.  \  / 

If,  on  directing  the  telescope  to  it,  \  / 

it  is  seen  on  the  one  side  or  the  other  \  / 

of  the  middle  wire  (which  ought  to  \  • 

coincide  with    the  meridian),  the  \  j 

direction  of  the  axis  ab,^.  8.,  will  \  • 

deviate  to  the  same  extent  from  the  ;    d  /  ^ 

true  east  and  west,  since  it  has  been  ^\ 

already,  by  the  previous  adjust- 
ments, rendered  perpendicular  to 
the  line  of  collimation.  The  entire 
instrun.ent  must  therefore  be  shifted 
round,  until  the  meridian  mark  co-     ^  c  ^ 

incides  with  the  middle  wii-e.    This  ^ig.  10. 

is  accomplished  by  a  proWsion  made 

in  the  support  on  which  the  extremity  of  the  axis  b,  Jiff.  8.,  rests, 
by  which  it  has  a  certain  play  in  the  horizontal  direction  urged  by 
a  tine  screw.  In  tliis  way  the  axis  A  B  is  brought  into  the  true 
direction  east  and  west,  and  therefore  the  line  of  collimation  into 
the  true  meridian. 

It  will  be  observ-ed  that,  in  explaining  the  second  adjustment,  it 
has  been  assimied  that  the  deviations  are  not  so  great  as  to  throw 
the  object  s  out  of  the  field  of  view  after  the  instrument  is  reversed. 
This  condition  in  practice  is  always  fulfilled,  the  extent  of  deviation 
left  to  be  corrected  by  the  adjustments  being  always  veiy  snmll. 

28.  Micrometer  wires  —  metliod  of  obserrlngr  a  transit. — 
In  the  focus  of  the  eye-piece  of  the  transit  instrument,  the  system 
of  micrometer  wires  (11),  already  mentioned,  is  placed.  This 
consists  commonly  of  5  or  7  equidistant  wires,  placed  vertically  at 
equal  distances,  and  intei*sected  at  their  middle  points  by  a  hori- 
zontal wire,  as  represented  in  Jiff.  7.  In  instruments  which  are 
adapted  to  the  chronogi'aphic  method  of  observing  transits,  the 
number  of  wires  is  considerably  increased.  When  the  instrument 
has  been  adjusted,  the  middle  wire  7/1  ?//  will  be  in  the  plane  of  the 
meridian,  and  when  an  object  is  seen  upon  it,  such  object  will  bo 
on  the  celestial  meridian,  and  the  wire  itself  may  be  regarded  as  a 
small  arc  of  the  meridian  rendered  visible. 

c 
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Tae  ixed  star?,  a^  will  be  explal^'ed  zb.>i«  foIlT  lieRArter.  appen 
ii  the  icl-r^tp*?.  Z':  =iancr  i:w  iijh  its  isdiniiyia^  pover  be.  m 
ai-irs  Im:'A  p:Ez:t*.  inTir^  no  sensible  zxLi^TLituide.  Br  the  diomal 
zi-.c-:!!  :i  lie  rrrninient.  the  star  ra$i5«»  sccwTSSTeiT  oTer  all  the 
wir*is^  1  *h  :rt  intcrvjl  t^tir^  in:rrr»  sei  cwrween  13  pAdfia£«SL  The 
■:-C3^rr-r.  j'lfS  ift^r  :he  *:.4r  ippr.Hwblzj:  the  merl-ilin  entris  the 
rel'i  .;c  Ti-TT.  rr.i.*vc^is  to  vx^i:::  the  ttwHuu  ct  the  cl-.vk  br  hi*  ear. 
Hr:  :ca^7v-rs.  Lz.  thr  siirr.er  alrvaAiv  exrLkine^  to  a  ^actioa  of  a 
7^: .  oL  th-  izSAz:  ±z  which  the  ^taur  cr.tae*  each  or  the  wire*:  and 
:.iV--r  1  =iei2  :f  all  the=e  ri-jir:**  he  cbtaiss^  with  a  jrvac  decree 
.:  tr^iffi'.n.  the  izjt^nt  a:  whi-:h  the  star  pa9i«ed  the  =iid*ile  wire, 
whijh  is  the  tizie  rf  the  trdzsit.  P^e  hour  and  xnin^te  isdkated 
\j  zhrt  S^'Ltik  is  Z'li'id  .-cter  the  cbiserTati'-'c. 

Bj  this  -rxr^KiiTnt  the  rvs:il:  cjl*  the  dbivmuure  %;/  a$  manr  xnde- 
ten-iTnt  rcserv^irl.rzs  ±s  ther^  are  parallel  wires.  The  ertow  <rf 
-.fj^riti'.c  tifinjT  -ii-^butd.  are  pr»:p*-^rti:caIlT  diniiiLished. 

^\"hTn  the  si:^.  n::«.z.  or  a  pLmet,  .:r.  ia  general,  acr  object 
■:rz:  h  hj;?  a  5*rz*icle  iisk.  L*  jCiS^rrved.  the  ciiiie  ct  the  transit  is 
jsiT  iz?'  Lz:  i:  which  the  .-eztrv  .f  the  disk  is  'jp^n  the  zziiddle  wire. 

rill?  is  .ccaine*!  cj  .beerviz*:  the  cI.ck-tLnie  whea  the  western 
\Z'i  -as:--rrv  -flj^s  ::  :h-r  di^-k  c.:ue  iz  contact  respecdTelv  with 
ri*.!i  :l  ih-i  ^erti  .'al  wir^s.  T  ikL::^  f  rsc  a  ni-ran  ct*  all  the  ofcuenred 
:l:i:k-tL=i-fs  ::  the  triz?::  ::'  :h-:  "w^jstrm  e^i^.  the  rhii:*  when  it  is 
n  thr  z::iile  wire  i?  :*.iini  :  and  Lz  like  rzanntr.  the  citaa  of  all 
tj.r  -.'z-^Trr^i  clcck-rlziTS  .c  the  tr-izsit .:  :he  r?iis:rm  ^d::??  will  arive 
•.j.-r  tijiie  -vhen  :hjt  -ri-rr  is  als:  :n  thr  mid  11-;  wirv  :  the  mean  of 
-Ji-rse  tnzsii*  :e  'l-  t^-;  -ed^s.  :her>rr-:re.  d-etcmiizes  the  cLxk- 
riziTi  .L  th-  trtzri:  :;  :hr:  .irLtr^r  jf  the  di-^k  jv^er  the  middle  wire, 
r   s.  n.-r:iz.  .:'    ill  :h'.-   .cservrd  cl.ck-ciui-cs  c:'  the  tran;iit  or  both 

Bj  Lij  th-.-  ^".r^s  JTv  visiblr.  x?  d.'je  ^l-ick  lines  interseccini:  and 
Tp.icijzj:  'it  th*r  l.ld  :£  virw.  At  n:_:h:  T/.-ey  are  rendered  viable 
•."  L  -Jinp.  hj  which  the  neli  ::  vi-fw  i>  iliiutlv  ill  .im incited. 

Li  2i*iz;r  "i:ri^rv-i:,.rrs  trir.s::s  Jir^  a!-**-  cbst.'rv-d  bv  the  oap?no- 
.TTir.h:.:  nit  the*:.  dH'L  rvixpi-i  bv  th-r  ti-i  .:'  .tlI'.  iiiisiu  en  a  tevolv- 
in«  -'"jji'irr.  In  til*  %.'as«;.  *:ie  v:-.ci  i>  vr.'^i'^-d  with  nietins 
:  r  --z-ilnzT  a  jnlvmic  iLjndl  :  the  >-OT'iu;-:  arparafj*  it  everr 
-■'rir:  n  .:  :!:•:  Ttrn-iilini.  c:iMsin-:  a  piLcMr*.-  :o  be  made  on 
-Ixr  Tie.;-  -vi:h  Tvhijh  :::e  cyli-d-r  is  jcv.r:*!  Th:*  series  of 
;:'::;--L^:-  :'..7n:  x-r  !■  r;r  -"irul  li:ue.  :h-.-  yri-.kr^r^  ceirj:  attached  to 

-ri-TLhn;r  rr-inie. -rhii.h  i*  carri-rd  by  ^  ' ;.-•:*  rn:-^:c:i-n  deck. 

-V  .-..h  ir  th-  -^.iire  -in.':  :a.L5-s  :h-i  cyli::,--r  :.^  rvvolv-.     Ih^  office 

:  ".ir  jcs'-rv -r  is  *;;i.".-y  :     '.-■*:>*  ^:i  :^  .r>-  k-.y  wh-in  the  star  is 

7iis-iz^  -frich  Tire  in  th-.-  n^^ld  •■:*  vie-*-;  thi*  o-^mplece*  the  galvanic 

^iri'ii:  jn«i  :aases  i  p.incfjre  tor  each  wire  cbser\»Hi  to  be  made 
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between  the  series  of  dock  punctures.  It  is  a  matter  of  very  little 
trouble  to  extract  the  exact  second  and  fraction  of  a  second  at 
which  the  separate  observations  were  made. 

The  results  from  this  method  are  considered  more  trustworthy 
than  those  determined  by  "eye  and  ear."  From  a  mean  of  loi 
transits  observed  at  Greenwich^  it  was  found  that  the  probable 
error  of  one  transit  by  the  chronographic  method  was  o'-o  17,  while 
by  the  "eye  and  ear"  it  amounted  to  o'-028.  In  another  deter- 
mination on  a  different  principle,  the  excess  in^  the  same  direction 
amounted  to  o*'Oi4.  Though  this  amount  may  seem  insignificant 
to  the  reader,  nevertheless  it  is  of  considerable  importance  in  con- 
nection with  astronomical  observations.* 

29.  Apparent  motleii  of  olijeots  in  tlie  Held  of  view.  — 
Since  the  telescope  reverses  the  objects  observed,  the  motion  in  the 
field  will  appear  to  be  from  west  to  east,  while  that  of  the  firmament 
is  from  east  to  west  An  object  will  therefore  enter  the  field  of  view 
on  the  west  side,  and,  having  crossed  it,  will  leave  it  on  the  east  side. 

Since  the  sphere  revolves  at  the  rate  of  15®  per  hour,  15'  per 
minute,  or  15"  per  second  of  time,  an  object  will  be  seen  to  pass 
across  the  field  of  view  with  a  motion  absolutely  imiform,  the  space 
passed  over  between  two  successive  beats  of  the  pendulum  being 
invariably  1 5". 

Thus,  if  the  moon  or  sun  be  in  or  near  the  equator,  the  disk  will 
be  observed  to  pass  across  the  field  with  a  visible  motion,  the  in- 
terval between  the  moments  of  contact  of  the  western  and  eastern 
edges  with  the  middle  wire  being  2™  8',  when  the  apparent  dia- 
meter is  3  z\  Thus,  the  disk  appears  to  move  over  a  space  equal  to 
half  its  own  diameter  in  i"*  4V 

30.  Circles  of  declination,  or  hour  circles.  —  Circles  of  the 
celestial  sphere  which  pass  through  the  poles  are  at  right  angles  to 
the  celestial  equator,  and  are  on  the  heavens  exactly  what  meridians 
are  upon  the  terrestrial  globe.  They  divide  the  celestial  equator 
into  arcs  which  measure  the  angles  which  such  circles  fonn  with 
each  other.  Thus,  two  such  circles  which  are  at  right  angles  in- 
clude an  arc  of  90°  of  the  celestial  equator,  and  two  which  fonn 
with  each  other  an  angle  of  i  °  include  between  them  an  arc  of  i  ° 
of  the  celestial  equator.  These  circles  of  declination,  or  hour 
aRCLES  as  they  are  called,  are  carried  roimd  by  the  diurnal  motion 
of  the  heavens,  and  are  brought  in  succession  to  coincide  with  the 
celestial  meridian,  the  intervals  between  the  moments  of  their  coin- 
cidence with  the  meridian  being  always  proportional  to  the  anjrh* 
they  form  with  each  other,  or,  what  is  the  same,  to  the  arc  of  tho 
celestial  equator  included  between  them.    Thus,  if  two  circles  of 

•  Attron.  Soc.  Xotices,  Vol.  xx.  p.  86. 
c  2 
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declination  form  with  each  other  an  angle  of  30**,  the  interval 
between  the  moments  of  their  coincidence  with  the  meridian  will 
be  two  sidereal  hours. 

The  relative  position  of  the  circles  of  declination  with  respect  to 
each  other,  and  to  the  meridian,  and  the  successive  positions  as- 
sumed by  any  one  such  circle  during  a  complete  revolution  of  the 
sphere,  will  be  perceived  and  understood  without  difficulty  by  the 
aid  of  a  celestial  globe,  without  which  it  is  scarcely  possible  to 
obtain  any  clear  or  definite  notion  of  the  apparent  motions  of  ce- 
lestial objects. 

31.  Slrbt  ascemlon. — The  arc  of  the  celestial  equator  be- 
tween any  circle  of  declination  and  a  certain  point  on  the  equator 
called  the  first  point  of  arees,  is  called  the  right  ascekston  of 
all  objects  through  which  the  circle  of  declination  passes.  This  arc 
is  always  understood  to  be  measured  from  the  point  where  the  circle 
of  declination  meets  the  celestial  equator  tpestwardf  that  is,  in  the  di- 
rection of  the  apparent  diurnal  motion  of  the  heavens,  and  it  may  ex- 
tend, therefore,  over  any  part  whatever  of  the  equator  from  o®  to  360®. 

Right  ascension  is  expressed  sometimes  according  to  angular 
magnitude,  in  degrees,  minutes,  and  seconds;  but  since,  according 
to  what  has  been  explained,  these  magnitudes  are  proportional  to 
the  time  they  take  to  pass  over  the  meridian,  right  ascension  is 
more  frequently  expressed  immediately  by  this  time.  Thus,  if  the 
right  ascension  of  an  object  is  15°  15'  1 5",  it  will  be  expressed  also 
by  I**  I"  I*. 

In  general,  right  ascension  expressed  in  degrees,  minutes,  and 
seconds  may  be  reduced  to  time  by  dividing  it  by  15;  and  if  it  be 
expressed  in  time,  it  may  be  reduced  to  angular  language  by  mul- 
tiplying it  by  15. 

The  difference  of  right  ascensions  of  any  two  objects  may  be  as- 
certained by  the  transit  instrument  and  clock,  by  observing  the  in- 
terval which  elapses  between  their  transits  over  the  meridian. 
This  interval,  whether  expressed  in  rime  or  reduced  to  degrees,  is 
their  difference  of  rij?ht  ascension. 

Hence,  if  the  right  ascension  of  any  one  object  be  known,  the 
right  ascension  of  all  others  can  be  found. 

3  2.  Sidereal  dock  indicates  rigrht  ascension. — If  the  hands  of 
the  sidereal  clock  be  set  to  o**  o™  o*  when  the  first  point  of  Aries  is 
on  the  meridian,  they  will  at  all  times  (supposing  the  rate  of  the 
clock  to  be  correct)  indicate  the  right  ascension  of  such  objects  as 
are  on  the  meridian.  For  the  motion  of  the  hands  in  that  case  cor- 
responds exactly  with  the  apparent  motion  of  the  meridian  on  the 
celestial  equator  produced  by  the  diurnal  motion  of  the  heavens. 
While  1 5°  of  the  equator  pass  the  meridian  the  hands  move  throtigh 
I '',  and  other  motions  are  made  in  the  same  proportion. 
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33.  Tbe  mural  circle. — The  transit  instiument  and  sidereal 
clock  supply  means  of  determining  with  extreme  precision  the  in- 
stant at  which  an  object  passes  the  meridian;  but  the  instrument 
is  not  provided  with  any  accurate  means  of  indicating  the  point  at 
which  the  object  is  seen  on  the  meridian.  A  circle  is  sometimes, 
it  is  true,  attached  to  the  transit  by  which  the  position  of  this  point 
may  be  roughly  observ^ed ;  but  to  ascertain  it  with  a  precision  pro- 
portionate to  that  with  which  the  transit  instrument  determines 
the  right  ascensions,  requires  an  instrument  constructed  and 
mounted  for  this  express  object  in  a  manner,  and  under  conditions, 
altogether  different  from  those  by  which  the  transit  instrument  is 
regulated.  The  form  of  instrument  adopted  in  the  most  efficiently 
furnished  observatories  for  this  purpose  is  the  mural  circle. 

This  instrument  is  a  graduated  circle,  simiLu:  in  form  and  prin- 
ciple to  the  instrument  described  in  ( 1 3).  It  is  centred  upon  an  axis 
established  in  the  face  of  a  stone  pier  or  taall  (hence  the  name)  erected 
in  the  plane  of  the  meridian.  The  axis,  like  that  of  a  transit  in- 
strument, is  truly  horizontal,  and  directed  due  cast  and  west. 
Being  by  the  conditions  on  which  it  is  first  constructed  and 
mounted,  very  nearly  in  this  position,  it  is  rendered  exactly  so  by 
two  adjustments,  one  of  which  moves  the  axis  vertically,  and  the 
other  horizontally,  by  means  of  screws,  through  spaces  which, 
though  small,  are  still  large  enough  to  enable  the  observer  to  cor- 
rect the  slight  errors  of  position  incidental  to  the  workmanship  and 
mounting. 

The  instrument,  as  mounted 
and  adjusted,  is  represented  in 
perspective  in  Jig.  1 1 ,  whei*e  A 
is  the  stone  wall  to  which  the 
instrument  is  attached,  D  the  cen- 
tral axis  on  which  it  turns;  and 
¥  o  the  telescope,  which  does 
not  move  upon  the  circle,  but  is 
immovably  attached  to  it,  so 
that  the  entire  instrument,  in- 
cluding the  telescope,  turns  in 
the  plane  of  the  meridian  upon 
the  axis  B. 

A  front  -view  of  the  circle  in 
the  plane  of  the  instrument  is 
given  in^.  1 2. 

The  graduation  is  usually 
made  on  the  edge,  and  not  on 

the  face  limb.    The  hoop  of  metal  thus  engraved  forms,  therefore, 
what  may  be  called  the  tire  of  the  wheel. 


Fig. II 
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A  trough  Of  containing  merciuy,  is  placed  on  the  floor  in  a  con- 
Tenient  position  in  the  plane  of  the  instrument^  on  the  surface  of 


Fig.  tx. 

which  are  seen,  by  reflection,  the  objects  as  they  pass  over  the 
meridian.  The  observer  is  thus  enabled  to  ascertain  the  directions, 
as  well  of  the  images  of  the  objects  reflected  on  the  mercury,  as 
of  the  objects  themselves,  the  advantage  of  which  will  presently 
appear. 

Convenient  ladders,  chairs,  and  couches,  capable  of  being  adjusted 
by  racks  and  other  mechanical  arrangements,  at  any  desired  incli- 
nation, enable  the  observer,  with  the  utmost  ease  and  comfort,  to 
apply  his  eye  to  the  telescope,  no  matter  what  be  its  direction. 

In  the  Greenwich  observatory,  the  mural  circles  formerly  in  use 
were  six  feet  in  diameter,  and  consequently  about  226  inches  in 
circumference.  Each  degree  upon  the  circumference  measuring, 
therefore,  above  six-tenths  of  an  inch,  admits  of  extremely  minute 
subdivision. 

The  divisions  on  the  graduated  edge  of  the  instrument  are  num- 
bennl  as  usual  from  0°  to  360°  round  the  entire  circle.  The  position 
which  the  direction  of  the  line  of  collimation  of  the  telescope  has 
with  relation  to  the  0°  of  the  limb  is  indifferent.  Nothing  is 
necessary  except  that  this  line,  in  movinp  round  the  axis  D  of  the 
instnmient,  shall  remain  conatflntly  in  the  plane  of  the  meridian. 
This  condition  being  fulfilled,  it  is  evident  that,  as  the  circle 
revolves,  the  line  of  cc^llimation  will  be  successively  directed  to 
every  point  of  the  meridian  when  presented  upwards,  and  to  every 
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point  of  its  reflected  image  on  the  meicury  when  presented  down- 
wards. 

34.  Metl&od  otohmervingwith,  it. — The  position  of  the  instru- 
ment when  directed  successively  to  two  objects  on  the  meridian,  or 
to  their  images  reflected  on  the  mercuiy,  being  observed,  the  angular 
distance,  or  the  arc  of  the  meridian  between  them,  will  be  found 
by  ascertaining  the  arc  of  the  graduated  limb  of  the  instrument, 
which  passes  before  any  fixed  point  or  index,  when  the  telescope  is 
turned  from  the  direction  of  the  one  object  to  the  direction  of  the 
other. 

3  5 .  Componnd  microsoopes — their  number  and  nse. — ^This 
arc  is  observed  by  a  compound  microscope  (16),  attached  to  the 
wall  or  pier,  and  directed  towards  the  graduated  limb.  The 
manner  in  which  the  fraction  of  a  division  of  the  limb  is  observed 
by  this  expedient  has  been  already  explained.  But  to  give  greater 
precision  to  the  observation,  as  well  as  to  efface  the  errors 
which  might  arise,  either  from  defective  centi^ing,  or  from  the 
small  derangement  of  figure  that  might  arise  from  the  flexure  pro- 
duced by  the  weight  of  the  instrument,  several  compound  micro- 
scopes— generally  six — are  provided  at  equal  distances  aroimd 
the  limb,  so  that  the  observer  is  enabled  to  note  the  position 
of  six  indices.  The  six  arcs  of  the  limb  which  pass  under  thorn 
being  observed,  are  equivalent  to  six  independent  observations,  tlie 
mean  of  which  being  taken,  the  errors  incidental  to  them  are 
reduced  in  proportion  to  their  number. 

36.  Cirele  primarily  a  differential  instmment. — The  obser- 
vations, however,  thus  taken  are,  strictly  speaking,  only  differential. 
The  arc  of  the  meridian  between  the  two  objects  is  determined, 
and  this  arc  is  the  difference  of  their  meridional  distances  fit)m  the 
zenith  or  from  the  horizon ;  but  unless  the  positions  which  the  six 
indices  have,  when  the  line  of  collimation  is  directed  to  the  zenith 
or  horizon,  be  known,  no  positive  result  arises  from  the  observations ; 
nor  can  the  absolute  distance  of  any  object,  either  from  the  horizon 
or  the  zenith,  be  ascertained. 

37.  Metbod  of  aseertaininr  tbe  borixontal  point. — The 
"reading,"  as  it  is  technically  called,  at  each  of  the  microscopes,  in 
any  proposed  position  of  the  instrument,  is  the  distance  of  that 
microscope  from  the  zero  point  of  the  limb.  Now  it  is  evident  that 
half  the  sum  of  the  two  readings  at  any  microscope,  when  the 
telescope  is  successively  directed  to  an  object  and  its  image  on  the 
mercury,  will  be  the  reading  at  the  same  microscope  when  the  line 
of  collimation  is  horizontal. 

38.  Metbod  of  observing:  altitudes  and  xenitb  distances. — 
The  mean  of  the  readings  of  all  the  microscopes,  wlien  the  telescope 
is  directed  to  the  horizon,  known  as  the  horizontal  point,  ham^  thus 
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determined,  fonus  a  necessary  datum  in  all  observations  of  the 
altitudes  or  zenith  distances  of  objects.  To  determine  the  altitude 
of  an  object,  the  telescope  must  be  directed  to  it,  so  that  it  shall  be 
seen  nearly  bisected  by  the  horizontal  wire,  near  the  centre  of 
the  field  of  view ;  then  by  means  of  a  slow  motion  tangent-screw  it 
is  brought  on  to  the  wire  and  exactly  bisected  by  it,  the  instrument 
being  fixed  by  a  clamp.  The  six  microscopes  are  then  read,  a  mean 
of  which  is  taken  to  obtain  a  circle  reading  free  from  any  error  due 
to  excentricity  of  the  circle.  The  reading  when  the  telescope  is 
horizontal  being  known,  the  difference  between  these  two  readings 
gives  the  altitude. 

The  altitude  of  an  object  being  determined,  its  zenith  distance 
may  be  foimd  by  subtracting  the  altitude  from  90^. 

39.  Metbod  of  determining  tbe  position  of  tlie  pole  and 
equator. — The  mural  circle  may  be  regoixled  as  the  celestial 
meridian  reduced  in  scide,  and  brought  inmiediately  under  the  hands 
of  the  observer,  so  that  tdl  distances  upon  it  may  be  submitted  to 
exact  examination  and  measurement.  Besides  the  zenith  and  hori- 
zon, the  positions  of  which,  in  relation  to  the  microscopes,  have  just 
been  ascertained,  there  are  two  other  points  of  equal  importance,  the 
pole  and  the  equator,  which  should  also  be  established. 

The  stars  which  are  so  near  the  celestial  pole  that  they  never  set, 
are  carried  by  the  diurnal  motion  of  the  heavens  round  the  pole  in 
small  circles,  crossing  the  visible  meridian  twice,  once  above  and 
once  below  the  pole.  Of  all  the  circumpolar  stars,  the  most  im- 
portant and  the  most  usefid  to  the  obser^*er  is  the  pole  star,  both 
because  of  its  close  proximity  to  the  pole,  from  which  its  distance 
is  only  I  ^®,  and  because  its  magnitude  is  sufficiently  great  to  be 
visible  with  the  telescope  in  the  day.  This  star,  then,  crosses  the 
meridian  above  tlie  pole  and  below  it,  at  inter\'als  of  twelve  hours 
sidereal  time,  and  the  true  position  of  the  pole  is  exactly  midway 
between  the  two  points  where  the  star  thus  crosses  the  meridian. 

If,  therefore,  the  readings  of  the  six  microscopes  be  taken  when 
the  pole  star  makes  its  transit  above  and  below  the  pole,  their 
readings  for  the  pole  itself  will  be  half  the  sum  of  the  former  for 
each  microscope. 

The  retidings  for  the  pole  being  determined,  those  which  corre- 
spond to  the  point  where  the  celestial  equator  crosses  the  meridian 
may  be  found  by  subtracting  the  former  from  90°. 

\Vhen  the  positions  of  the  microscopes  in  relation  to  the  pole  and 
equator  are  determined,  the  latitude  of  tlie  observatory  will  be 
known,  since  it  is  equal  to  the  altitude  of  the  celestial  pole. 

40.  All  circles  of  deolination  represented  by  tbe  oirole. — 
Since  the  circles  of  declination,  which  are  imagined  to  surround  the 
heavens,  are  brought  by  the  diurnal  motion  in  succession  to  coincide 
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with  the  celestial  meridian  (30),  and  since  that  meridian  is  itself 
represented  by  the  mural  circle,  that  circle  may  be  considered  as  pre- 
senting successively  a  model  of  every  circle  of  declination  ;  and  the 
position  of  any  object  upon  the  circle  of  declination  is  represented 
on  the  mural  circle  by  the  position  of  the  telescope  when  directed 
to  the  point  of  the  meridian  at  which  the  object  crosses  it 

If  the  object  have  a  fixed  position  on  the  firmament,  it  is  evident 
that  it  will  always  pass  the  meridian  at  the  same  point ;  and  if  the 
telescope  be  directed  to  that  point  and  maintained  there,  the  object 
will  be  seen  at  the  intersection  of  the  wires  regularly  after  intervals 
of  twenty-four  hours  sidereal  time. 

41.  Beolination  and  polar  distance  of  an  object. — The 
distance  of  an  object  from  the  celestial  equator,  measured  upon  the 
circle  of  declination  which  passes  through  it,  is  called  its  declina- 
tion, and  is  north  or  south,  according  to  the  side  of  the  equator 
at  which  the  object  is  placed. 

The  declination  of  an  object  is  ascertained  with  the  mural  circle 
in  the  same  manner  and  by  the  same  observation  as  that  which  gives 
its  altitude.  The  readings  of  the  microscopes  for  the  object  being 
compared  with  their  readings  for  the  pole  (39),  give  the  polar 
distance  of  the  object;  and  the  c^erence  between  the  polar 
distances  and  90°  gives  the  declination. 

Thus  the  polar  distiince  and  declination  of  an  object  are  to  the 
equator  exactly  what  its  altitude  and  zenith  distance  ai-e  to  the 
horizon.  But  since  the  equator  maintains  always  the  same  posi- 
tion during  the  diurnal  motion  of  the  heavens,  the  declination  and 
polar  distance  of  an  object  are  not  affected  by  that  motion,  and 
remain  the  same,  while  the  altitude  and  zenith  distances  are  con- 
stantly changing. 

42.  Position  of  an  object  defined  by  its  declination  and 
lifbt  ascension. — The  position  of  an  object  on  the  firmament  is 
determined  by  its  declination  and  right  ascension.  Its  declination 
expresses  its  distance  north  or  south  of  the  celestial  equator,  and 
its  right  ascension  expresses  the  distance  of  the  circle  of  declina- 
tion upon  which  it  is  placed  from  a  certain  defined  point  upon  the 
celestial  equator. 

It  is  evident,  therefore,  that  declination  and  right  ascension  define 
the  position  of  celestial  objects  in  exactly  the  same  manner  as 
latitude  and  longitude  define  the  position  of  places  on  the  earth. 
A  place  upon  the  globe  may  be  regarded  as  being  projected  on  th*^ 
heavens  into  the  point  which  forms  its  zenith  ;  and  hence  it  appears 
that  the  latitude  of  the  place  isidenticiU  with  the  declination  of  its 
zenith. 

43.  Sqnatorial  instrument.  —  The  exact  direction  of  the  axis 
of  the  celestial  sphere  being  ascertained^  it  is  possible  to  construct 
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fiu  apparatus  which  shall  be  capable  of  revolving  upon  a  fixed  axis, 
tlie  direction  of  which  shall  coincide  with  that  of  the  sphere;  bo 
tliat  if  a  telescope  wore  fixed  in  the  direction  of  this  axis,  its  line  of 
collimation  would  exactly  point  to  the  celestial  pole. 

Upon  this  axiS;  thus  directed  and  fixed,  suppose  a  telescope  to  be 
so  moimted  that  it  may  be  placed  with  its  line  of  collimation  at  any 
desired  angle  with  the  axis,  and  let  a  properly  graduated  arc  be  pro- 
vided, by  which  the  magnitude  of  this  angle  may  be  measured  with 
all  practicable  precision. 

Thus,  let  A  a',  Ji<j,  1 3,  represent  the  direction  of  the  axis  on 
which  the  instrument  is  made  to  revolve.    The  line  A  a',  if  con- 
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tinned  to  the  firmament,  would  pass  through  the  pole  p.  Let  c  o 
represent  the  line  of  collimation  of  a  telescope,  so  attached  to  the 
axis  at  c  that  it  may  be  placed  at  any  desired  angle  with  it ;  which 
may  be  accomplished  by  placing  a  joint  at  c  on  which  the  telescope 
ran  turn.  Let  non'  bo  a  graduated  arc,  to  which  the  telescope  is 
attached  at  o,  and  which  turns  with  the  telescope  round  the  axis 
a  a'.    When  the  telescope,  being  fixed  at  any  proposed  angle  oca' 
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with  the  axis,  is  turned  round  A  a',  the  line  of  collimation  descrihes 
a  cone  of  which  c  is  the  vertex  and  ca'  the  axis,  and  the  extremity 
o  describes  an  arc  00'  of  a  circle  at  a  distance  from  v'  measured  by 
the  angle  0CA^ 

If  the  line  of  collimation  c  0  or  c  0'  be  imagined  to  be  continued 
to  the  heavens,  it  will  describe,  as  the  telescope  revolves,  a  circle 
o  o'  on  the  firmament  corresponding  to  the  circle  0  0',  and  at  the 
same  angular  distance  op,  <yp  from  the  celestial  pole^,  as  the  end 
0  or  0'  of  the  line  of  collimation  of  the  telescope  is  from  n'  or  a'. 
In  short,  the  angle  0  ck'  equally  measures  the  two  arcs,  the  celestial 
arc  o  ^  and  the  instrumentid  arc  o  v\ 

The  instrument  thus  described  in  its  principle  is  one  of  most  ex- 
tensive utility  in  observatories,  and  is  called  an  Equatorial. 

In  its  practical  construction  it  is  very  variously  moimted,  and  is 
generally  acted  upon  by  clock-work,  which  imparts  to  it  a  motion 
roimd  the  axis  a  a^,  corresponding  with  the  rotation  of  the  celestial 
sphere. 

One  of  the  many  mechanical  arrangements  by  which  this  maybe 
effected  is  represented  in^.  1 4,  as  given  by  the  Astronomer  Royal, 
in  his  lectures  delivered  at  the  Ipswich  Museum. 


Fig.  14. 


The  instrument  is  supported  upon  pivots,  so  that  its  axis  aV  shall 
coincide  exactly  with  the  direction  of  the  celestial  axis.  The  tele- 
scope c  D  turns  upon  a  joint  at  the  centre,  so  that  different  directions 
3uch  as  (f  D%  c"  d",  may  be  given  to  it.  The  motion  upon  its  axis  is 
Imparted  to  it  by  wheel- work  e'lk,  impelled  by  clockwork,  as 
already  mentioned. 

Having  explained  the  general  construction  of  the  principal  in- 
struments used  in  astronomical  observations,  we  will  now  devote 
the  remainder  of  this  chapter  to  a  description  of  a  few  celebrated 
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instruments  of  each  closs^  which  are  remarkable  for  their  stability 
and  magnitude. 

44.  Sir  "W.  Bersobel's  forty-feet  reflector. — This  instru- 
meut|  which  is  memorable  as  the  first  ever  constructed  upon  a 
scale  of  such  stupendous  magnitude,  and  still  more  so  for  the  vast 
discoveries  made  with  it  by  its  illustrious  inventor  and  constructor, 
is  represented  in  Plate  II.  It  is  not  necessary  to  give  a  detailed 
account  of  this  celebrated  instrument,  as  it  has  been  dismantled 
since  the  removal  of  Sir  John  Herschel  from  Slough,  and  has  not 
been  remounted.  The  total  length  of  the  telescope  tube  was  39  ft. 
4  in.  and  its  clear  diameter  4  ft.  i  o  in.,  the  diameter  of  the  speculum 
being  4  ft.,  with  a  reflecting  surface  of  1 2*566  square  feet 

45.  Tlie  KoMO  telescopes.  — The  lesser  instrument,  with  its 
mounting,  is  represented  in  Plate  III.  The  speculum  is  3  feet 
aperture,  and  7*068  square  feet  reflecting  surface.  The  length  of 
the  telescope  is  27  feet  It  is  erected  upon  the  pleasure  grounds  at 
Parsonstown  Castle,  the  seat  of  its  illustrious  constructor.  The 
weight  of  metal  in  the  speculum  is  about  1 3  cwt. 

But  the  most  stupendous  instrument  of  celestial  investigation, 
and  by  far  the  largest  and  most  powerful  ever  constructed,  is  re- 
presented in  Plates  IV.  and  V.  Irom  drawings  made  for  this  work 
under  the  superintendence  of  his  Lordship  himself.  Plate  IV. 
presents  a  south,  and  Plate  V.  a  north  view  of  the  instnmient. 

The  clear  aperture  is  6  ft,  and  consequently  the  magnitude  of 
the  reflecting  surface  is  28*274  square  feet,  being  greater  than  that 
of  Plerschel's  great  telescope  in  the  ratio  of  7  to  3. 

The  instrument  is  at  present  used  as  a  Newtonian  telescope 
(0. 504),  that  is  to  say,  the  rays  proceeding  along  the  axis  of  the 
great  speculum  are  received  at  an  angle  of  45°  upon  a  second  small 
speculum,  by  which  the  focus  is  thrown  towards  the  side  of  the 
tube  where  the  eye-piece  is  directed  upon  them.  Provision  is, 
however,  made  to  use  the  instrument  also  as  a  Herschelian  tele- 
scope. 

The  great  tube  is  supported  at  the  lower  end  upon  a  massive 
imiversal  joint  of  cast-iron,  resting  on  a  pier  of  stone-work  buried 
in  the  ground,  and  is  so  counterpoised  as  to  be  moved  with  great 
ease  in  declination.  In  all  such  instruments,  when  it  is  required 
to  direct  them  to  an  object,  they  are  first  brought  to  the  desired 
direction  by  some  expedient  capable  of  moving  them  more  rapidly, 
and  they  are  afterwards  brought  exactly  upon  the  object  by  a  slower 
and  more  delicate  motion.  In  this  case,  the  quick  motion  is  given 
by  a  windlass,  worked  upon  the  ground  by  an  assistant  at  the  com- 
mand of  the  observer.  The  slow  motion  is  imparted  by  a  mechan- 
ism placed  imder  the  hand  of  the  observer. 

The  extreme  range  of  the  telescope  in  right  ascension,  when  di- 
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motion  in  the  usual  way,  from  clockworl:,  which  is  attached  to 
the  stone  pier,  and  which,  with  its  impelling  suspended  weight, 
is  seen  in  the  drawing.  Rods  are  provided  by  which  the  observer 
can,  at  pleasure,  set  the  clock  going,  or  stop  it,  and  connect  it 
with,  or  disengage  it  from,  the  equatorial  circle. 

The  circle  for  indicating  polar  distance  or  declination  is  placed 
upon  the  horizontal  axis  of  the  instrument,  and  also  appears  in  the 
drawing  at  the  side  opposite  to  that  at  which  the  telescope  is 
attached. 

The  object-glass  of  this  instrument,  sometimes  called  the  "di- 
vided object-glass  micrometer,"  supplies  a  very  accurate  method  of 
measuring  angles  which  do  not  exceed  a  certain  limit  of  magni- 
tude. 

It  appears  by  the  principles  of  optics,  that  when  the  image  of 
a  distant  object  is  produced  by  a  lens,  each  point  of  such  image  is 
fonned  by  rays  which  proceed  from  every  point  of  the  lens.  If, 
therefore,  a  part  of  the  lens  be  covered  by  an  opaque  body  or  cut 
nwny,  each  point  of  the  image  will  still  be  formed  by  the  rays 
which  proceed  from  every  point  of  tlie  lens  which  is  not  covered  or  cut 
away.  The  only  difference  which  will  be  observed  in  the  image 
will  be,  that  it  will  be  less  strongly  illuminated,  being  deprived  of 
the  rays  which  it  received  from  the  part  of  the  lens  covered  or  cut 
away,  and  that  it  will  be  less  distinct  in  consequence  of  certain 
effects  of  diffraction  which  need  not  be  noticed  here. 

It  follows,  therefore,  that  half  a  lens  will  produce  at  the  focus  an 
image  of  a  distant  object,  and  if  two  halves  of  the  same  lens  be 
placed  concentrically,  they  will  form  two  images,  the  exact  super- 
position of  which  will,  in  fact,  constitute  the  image  formed  by 
the  complete  lens.  But  if  the  two  halves  be  not  coucentrical,  the 
two  images  will  not  be  superposed,  but  will  be  separated  by  a  space 
con*esponding  with,  and  proportional  to,  the  distance  between  the 
centres  of  the  two  half  lenses.  Thus,  if  the  lenses  be  directed  to 
the  Sim,  two  images  of  the  solar  disk  will  be  produced  at  the 
focus  of  the  lenses,  and  these  images  may  be  shifted  in  their  posi- 
tions, the  centres  approaching  to,  or  receding  from,  one  another, 
according  as  the  centres  of  the  two  half  lenses  approach  to,  or 
i-ecede  from,  each  other ;  and  if  the  angular  distance  through  which 
either  image  moves  can  be  known,  it  is  easy  to  see  how,  by  this 
means,  the  apparent  diameter  of  such  an  object  as  the  sirn  can  be 
measured.  For  this  purpose,  let  the  two  half  lenses  be  first  placed 
concentrically,  so  that  the  two  images  shall  be  exactly  superposed. 
Then  let  one  of  the  two  lenses  be  moved  (the  edges  of  the  semi- 
lenses  being  always  maintained  in  contact),  until  the  image,  formed 
by  the  semi-lens,  which  is  moved,  shall  be  removed  to  such  a  posi- 
tion that  the  two  images  shall  touch  each  other  externally,  as  in 
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fig,  15.     In  that  case  it  is  evident  that  the  centre  of  the  image 

formed  by  the  semi-lens  which  has 

been  moved;  must  have    moved 

over  a  space  equal  to  the  diameter 

of  the  image  of  the  disk,  and  if  the 

angular  value  of  such  space  be 

known,  the  apparent  diameter  of 

the  sun  will  be  known.  ^**'  '^' 

This  was  the  application  of  the  divided  object-glass,  from  which 
the  heliometer  took  its  name.  The  instrument,  however,  has  since 
been  applied  to  so  many  other  important  purposes,  that  the  name 
has  ceased  to  express  its  uses. 

The  two  semi-lenses  forming  the  object-glass  of  the  heliometer 
are  set  edge  to  edge  in  strong  brass  frames,  which  slide  in  grooves 
with  a  smooth  and  even  motion.  They  are  moved  by  fine  screws 
which,  by  the  inter\'ention  of  cog-wheels,  are  turned  by  a  pair  of 
rods  which  pass  along  the  tube  of  the  tolescope.  The  separation 
of  the  centres  of  the  semi-lenses,  and  consequently  the  angular  dis- 
tance between  the  two  images,  is  measured  according  to  a  known 
scale  by  the  number  of  turns  and  parts  of  a  turn  of  the  screw 
which  are  necessary  to  produce  the  separation  or  to  bring  back  the 
semi-lenses  to  a  coucentricjU  position,  if  they  arc  separated. 

It  is  obvious,  that  the  same  principle  will  be  applicable  to 
measure  the  apparent  angular  distance  between  any  two  objects, 
such  as  two  stars,  which  are  so  near  each  other  that  they  may 
be  seen  together  in  the  field  of  view  of  the  telescope.  For  this 
purpose,  let  the  semi-lenses  be  first  placed  concentrically.  The  twc» 
stars  s  and  s'  will  then  be  seen  in  their  proper  positions  in  the 
field.  Let  the  semi-lenses  be  then  moved  so  that  two  images  of 
each  star  will  be  visible.  Let  the  motion  be  continued  until  the 
image  of  the  star  s  by  one  semi-lens  coincides  with  the  image  of 
the  other  star  s'  by  the  other  semi-lens.  The  angular  distance  cor- 
responding to  the  separation  of  the  lenses  will  then  be  the  angular 
distance  between  the  stars. 

In  this  heliometer  a  veiy  ingenious  contrivance  is  introduced  to 
enable  the  observer  to  read  the  scale  by  which  the  angular  magni- 
tude corresponding  to  the  separation  of  the  centres  of  the  semi-lenses 
is  indicated.  This  is  accomplished  by  placing  a  scale  behind  the 
object-glass  in  the  interior  of  the  telescope  tube,  so  that  it  can  bo 
read  by  means  of  a  long  microscope,  the  eye-glass  of  which  is  placed 
near  the  eye-piece  of  the  telescope.  This  interior  scale  is  illumi- 
nated by  a  piece  of  platinum  wire  placed  near  it,  which  is  rendered 
incandescent  by  a  galvanic  current  transmitted  upon  it  at  pleasure 
by  the  observer.  This  current  is  produced  by  a  Smee's  battery 
placed  in  a  room  below  that  containing  the  heliometer. 
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A  very  splendid  instrament  of  this  class  has  been  erected  at  the 
Pulkowa  observatory. 

47.  Tbe  Oreenwidi  transit-olrole. — This  instrument^  which 
has  superseded  the  i  o-feet  transit  instrument  and  6-feet  mural  circle 
at  the  Royal  Observatory  since  the  beginning  of  1 85 1,  has  been 
constructed  on  a  vast  scale  of  magnitude  aud  stability.  The  aper- 
ture of  the  object-glass  of  the  former  transit  being  about  5  inches, 
while  that  of  the  mural  circle  measured  only  4  inches,  made  it 
generally  impossible  to  obtain  trustworthy  observations  of  the 
numerous  small  planets  which  had  been  lately  discovered.  For 
the  credit  therefore  of  the  national  observatory,  it  was  considered 
advisable  to  erect  a  more  powerful  instrument  with  an  object-glass 
of  increased  aperture,  and  in  the  form  of  a  transit-circle, 

A  perspective  view  of  this  instrument  is  presented  in  Plate  VII., 
made  from  original  drawings  taken  by  permission  of  the  Astix)- 
uomer  Royal. 

It  was  also  found,  by  the  results  of  observations  made  with 
the  I  o-feet  transit  iustrmnent  that,  although  it  was  the  best  of  its 
class,  and  had  been  constructed  with  the  greatest  degree  of  artistic 
skill,  it  was  nevertheless  so  imstable  as  to  produce  errors  in  the 
determination  of  time,  which  it  was  possible,  and  therefore  desir- 
able, to  remove  by  introducing  improved  principles  of  construction, 
which  will  be  presently  explained  in  relation  to  another  instrument 
previously  erected  at  the  Observatory. 

This  instrument  consists  of  a  telescope  fixed  between  two  parallel 
circles,  one  of  which  is  graduated,  resting  on  horizontal  supports, 
placed  on  two  stone  piers,  so  that  the  line  of  coUimation  moves  in 
the  plane  of  the  meridian. 

The  telescope  tube,  which  is  nearly  1 2  feet  long,  consists  of  a 
hollow  cube  of  metal,  to  which  two  large  cones  are  bolted  by  means 
of  flanges.  At  the  smaller  end  of  one  cone  is  the  object-glass,  and 
in  that  of  the  other  the  eye-piece.  Each  of  these  cones  weighs 
1 75  c\\i;.,  and  the  central  cube  with  its  pivots  weighs  8  cwt.  The 
whole  length  of  the  horizontal  axis  of  the  instmment  is  6  feet,  the 
diameter  of  each  of  the  pivots  being  6  inches.  The  object-glass  is 
8  inches  aperture,  its  optical  power  being  sufficient  for  the  obser- 
vation of  the  faintest  objects  which  are  presented  in  the  ordinaiy 
course  of  meridional  observations. 

The  parallel  circles  between  which  the  telescope  is  fixed,  are  each 
6  feet  in  diameter,  and  are  firmly  attached  to  cylindrical  bands,  one 
on  each  side  of  the  central  cube  of  the  telescope.  The  clamping 
apparatus  is  applied  to  the  eastern  circle,  and  the  wcsteni  circle  is 
graduated.  The  reading-off  is  effected  by  means  of  six  microscopes, 
each  45  inches  in  length,  which  are  simply  inclined  perforations 
through  the  western  pier,  having  their  eye-piecea  arranged  on  tlie 
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back  of  the  western  pier  in  a  circle  whose  diameter  is  2 1  inches, 
and  their  object-glasses  on  the  eastern  side  arranged  in  a  circle 
about  5  feet  in  diameter,  pointing  to  the  divisions  on  the  limb  of 
the  graduated  circle. 

The  graduation  of  the  circle  is  such  as  to  show  approximately 
zenith  distances;  while  a  pointer  fixed  to  a  block  projecting  from 
the  lower  part  of  the  pier,  directed  to  another  graduated  band  on 
the  outer  or  eastern  side  of  the  circle,  is  used  for  setting  the  tele- 
scope, and  gives  approximately  north  polar  distances.  A  small 
finder,  with  a  large  field  of  view,  is  attached  to  the  side  of  the 
cone  near  the  eye-piece,  for  the  convenience  of  setting  for  large 
objects. 

A  large  gas-light  conveniently  placed,  illuminates,  by  means  of 
a  lens  for  each  microscope,  the  graduated  arc  of  the  circle  at  the 
divisions  which  are  viewed  by  the  several  microscopes,  and  also  the 
field  of  the  telescope. 

A  variety  of  other  provisions  and  adjustments  are  attached  to  the 
instrument,  which  it  would  be  impossible  to  render  clearly  intelli- 
gible without  reference  to  the  instrument  itself,  or  very  detailed  and 
elaborate  drawings  of  its  several  parts,  which  our  limits  do  not 
permit  us  to  introduce  here. 

48.  The  Pnlkowa  prime  ▼ertleal  instromeiit, — This  instru- 
ment may  be  summarily  described  as  a  transit,  whose  line  of  coUi- 
mation  moves  in  the  plane  of  the  prime  vertical,  instead  of  that  of 
the  meridian.  Nevertheless,  its  astronomical  uses  are  essentially 
distinct  from  those  of  the  transit  instrument  (23). 

The  first  instrument  made  on  this  principle  was  erected,  in  the 
beginning  of  the  last  century,  under  the  direction  of  the  celebrated 
Roemer,  whose  name  is  rendered  memorable  by  the  discovery  of  the 
mobility  of  light  (542).  It  was  applied  by  that  astronomer  chiefly 
to  observations  on  the  sun  near  the  equinoxes ;  but  none  of  the 
purposes  to  which  it  has  more  recently  subsei-ved  appear  to  have 
been  contemplated,  and  the  instrument  was  allowed  to  fall  into  dis- 
use. Its  revival,  and  the  idea  of  its  application  to  various  im- 
portant classes  of  observations  in  the  higher  departments  of  practical 
astronomy,  and  more  especially  to  replace  the  zenith  sector  in 
observations  having  for  their  object  tlie  more  exact  determination 
of  aberration  and  nutation,  and  for  researches  in  stellar  parallax,  is 
due  to  Professor  Bessel.  Many  of  the  improved  details  of  construc- 
tion exhibited  in  the  Pulkowa  instniment  are,  however,  due  to  Pro- 
fessor Struve,  who,  besides,  has  obtained  such  remarkable  results 
by  the  system  of  observations  which  he  has  made  with  it. 

The  Pulkowa  prime  vertical  instrument  was  constructed,  imder 
the  direction  of  Professor  Struve,  by  Messrs.  Repsold,  of  Hamburg. 
Two  stone  piers  being  erected  in  planes  at  right  angles  to  the  me- 
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ridian,  vertical  chairs  are  fixed  upon  their  summits  in  such  a  posi- 
tion that  the  line  joining  them  is  in  the  plane  of  the  meridian. 
These  chairs  are  the  supports  of  the  cylindrical  extremities  of  the 
horizontal  axis  of  the  instrument,  which  is,  therefore,  also  in  the 
plane  of  the  meridian.  The  extremities  of  this  axis  project  beyond 
the  chairs  and  the  piers  on  each  side,  and  the  transit  telescope  is 
keyed  on  to  one  of  them,  while  a  counter- weight  is  keyed  on  to  the 
other.  The  telescope,  having  its  line  of  collimation  adjusted  at 
right  angles  to  the  horizontal  axis,  revolves  with  this  axis  outside 
the  piers,  in  the  same  manner  exactly  as  the  transit  telescope 
revolves  between  its  piers ;  and  as  the  line  of  collimation  of  the 
latter  moves  in  the  plane  of  the  meridian,  that  of  the  transit  tele- 
scope of  the  present  instrument  moves  in  the  plane  of  the  prime 
vertical. 

Adjustments  are  provided  in  connection  with  the  two  chairs,  one 
of  which  raises  and  lowers  the  axis,  and  the  other  moves  it  in 
azimuth,  similar  exactly  to  those  described  in  the  case  of  the  transit 
instrument  (25),  «^  9eq.  By  these  means,  and  by  proper  levels, 
the  axis  is  rendered  truly  horizontal,  is  brought  exactly  into  the 
plane  of  the  meridian,  and  the  line  of  collimation  is  brought  to 
coincide  with  the  plane  of  the  prime  vertical  by  other  expedients, 
similar  in  principle  to  those  adopted  in  the  case  of  the  transit  in- 
strument. 

The  instrument,  mounted  on  the  piers,  is  represented  in  Plate 
Vin.,  as  seen  fix)m  the  west,  projected  on  the  plane  of  the  meridian, 
the  telescope  being  on  the  north  side,  and  placed  so  that  the  line  of 
collimation  is  directed  to  the  zenith.  The  telescope  has  7  feet 
7  inches  focal  length,  with  an  object-glass  having  a  clear  aperture 
of  6 '2  5  inches.  The  magnifying  power  commonly  used  is  270.  In 
the  eye-piece  a  system  of  seven  parallel  vertical  micrometer  wires 
is  fixed,  similarly  to  those  of  the  transit  instrument  (22),  and  is 
similarly  used  with  relation  to  the  clock,  as  already  described  in  the 
case  of  the  latter  instrument.  A  lamp  is  placed  at  a  convenient 
distance  from  the  centre  of  the  telescope,  the  light  of  which,  ad- 
mitted by  a  plate  of  glass  fixed  in  the  side  of  the  tube,  is  received 
upon  a  small  reflector  at  45°  within,  and  reflected  along  the  tube, 
so  as  to  illuminate  the  wires  at  night. 

To  enable  the  observer  to  direct  the  telescope  to  any  required 
altitude,  a  small  telescope,  called  ^finder,  is  fixed  to  the  outside  of 
the  great  telescope,  near  the  eye-piece,  having  attached  to  it  a 
graduated  circle,  the  plane  of  which  is  parallel  to  the  prime  vertical, 
and  also  a  level.  The  line  of  collimation  of  the  finder  being  pa- 
rallel to  that  of  the  great  telescope,  when  the  former  is  directed  to 
any  altitude  by  means  of  the  level  and  graduated  circle,  the  former 
will  be  similarly  directed.      This  finder  appears  in  the  drawing 
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outside  the  telescope^  and  a  counterpoise  to  it  is  represented  on  the 
inside. 

The  process  of  reversion  of  the  horizontal  axis,  which  in  the 
transit  instrument  is  only  used  for  the  purpose  of  adjustment  (26)^ 
constitutes,  in  the  case  of  the  prime  vertical  instrument,  an  essen- 
tial part  of  every  observation.  It  was,  therefore,  of  the  greatest 
importance  that  an  easy,  expeditious,  and  safe  apparatus  for  rever- 
sion should  be  provided.  This  was  contrived  with  great  ingenuity 
by  the  makers,  and  attended  with  the  most  successful  results,  re- 
sults to  which  M.  Struve  ascribes  a  great  share  of  the  advantage 
obtained  by  this  instrument.  A  part  of  this  apparatus,  by  which 
the  horizontal  axis,  with  the  telescope,  counterpoise,  and  their  ac- 
cessories, is  elevated  from  the  chairs,  is  represented  in  the  drawing 
above  the  instrument  The  two  cords  of  suspension  being  attached 
by  hooks  to  two  points  on  the  axis  at  equal  distances  from  its 
centre,  so  as  to  maintain  the  equilibrium,  the  instrument  is  elevated 
by  means  of  a  windlass  established  on  the  floor  below  it  and  be- 
tween the  piers.  When  raised  to  the  necessary  height,  it  is  turned 
through  hfdf  a  revolution  in  azimuth,  so  that  the  ends  of  the  axis 
are  brought  directly  over  the  chairs,  into  which  they  are  then  let 
down.  So  perfect  is  the  performance  of  this  apparatus,  that,  not- 
withstanding the  magnitude  and  weight  of  the  instrument,  the 
whole  process  of  reversion  is  completed  in  sixteen  seconds;  and  the 
interval,  from  the  moment  the  observer  completes  an  observation 
with  the  telescope  on  the  north  side,  to  the  moment  he  commences 
it  on  the  south  side,  including  the  time  of  rising  from  the  observing- 
couch,  disengaging  the  clamps,  withdrawing  the  key  from  the  mi- 
crometer, reversing,  directing  the  instnunent  on  the  south  side  to 
the  object  by  means  of  the  finder,  closing  the  clamps,  returning  the 
key  to  the  micrometer,  and  placing  himself  on  the  observing-couch, 
is  only  80  seconds. 

How  essential  to  the  practical  use  of  the  instrument  this  celerity 
is,  will  be  understood  when  it  is  stated,  that  the  same  object  which 
has  been  observed  on  one  side  must  be  also  observed  on  the  other 
m  the  same  transit.  The  reversion,  therefore,  must  be  completed  in 
less  time  than  that  which  the  object  takes  by  the  diurnal  motion  to 
pass  over  the  space  conmianded  by  the  field  of  the  telescope  in  the 
two  positions. 

To  comprehend  the  method  of  applying  this  instrument  to  the 
purposes  of  practical  observation,  it  is  necessary  to  remember  that 
it  is  only  applicable  to  objects  moving  in  parallels  of  declination 
which  intersect  the  prime  vertical.  Such  objects  must  have 
northern  declination  (the  instrument  being  supposed  to  be  estab- 
lished in  a  place  having  north  latitude),  and  a  polar  distance  greater 
than  that  of  the  zenith  of  the  observatory,  that  is  to  say,  greater 
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than  its  co-latitude.  The  parallels  over  which  such  objects  are 
carried  by  the  diurnal  motion^  all  intersect  the  prime  vertical  at 
two  points  of  equal  altitude,  one  on  the  eastern,  and  the  other  on 
the  western,  quadrant  of  that  circle.  In  passing  from  the  east 
point  of  intersection  to  the  west  point,  the  object  passes  over  the 
meridian,  and  it  is  evident  that  the  moment  of  its  meridional  transit 
is  precisely  the  middle  of  the  interval  between  its  two  prime 
vertical  transits.  If,  therefore,  the  exact  times  of  the  latter  be 
observed,  the  time  of  the  meridional  transit  can  be  deduced  by  a 
simple  arithmetical  process. 

When  the  telescope,  being  on  the  north  side,  is  directed  and 
clamped  in  its  position,  the  observer  awaits  the  transit,  the  time 
of  which  he  already  knows  approximately.  At  the  near  approach 
of  the  transit  he  places  himself  on  the  observing-couch,  and,  seeing 
the  object  enter  the  field,  notes  the  seconds  by  the  clock  of  its 
transits  over  the  seven  wires  of  the  micrometer. 

The  moment  the  transit  over  the  seventh  wire  has  been  observed 
he  rises  and  performs  all  that  is  necessary  for  the  reversion  of  the 
instrument,  which  being  completed,  he  again  places  himself,  and 
observes  the  transits  over  the  seven  wires  on  the  south  side ;  but  in 
this  case,  owing  to  the  change  of  position,  the  order  of  the  transits 
is  reversed. 

Now,  it  is  evident  that  the  true  moment  of  the  transit  over  the 
prime  vertical  will  be  found  by  taking  a  mean  between  the  times 
of  the  transits  over  all  the  wii*es  at  both  sides.  These  observations 
being  completed,  the  observer  awaits  the  transit  of  the  object  over 
the  western  quadrant  of  the  prime  vertical,  when  he  makes  a 
similar  series  of  observations  of  transits,  first  with  the  telescope  on 
thQ  south  side,  in  the  position  it  had  at  the  last  observation,  and 
then,  after  reversion,  at  the  north  side.  The  true  moment  of  the 
transit  is  found,  in  this  case,  in  the  same  manner  as  in  the  former. 

By  taking  a  mean  of  these  two  means,  or,  what  would  be  equi- 
valent, a  mean  of  the  times  of  all  the  twenty-eight  transits,  the  time 
of  the  meridional  transit  will  be  obtained. 

The  total  length  of  the  interval,  necessary  to  observe  the  ti^aneits 
over  the  wires,  north  and  south,  in  each  quadrant  of  the  prime 
vertical,  is  found  to  be  about  eleven  minutes,  less  than  i }  niiuuto 
of  which  is  employed  in  the  reversion  of  the  instrument  and 
attendant  arrangements. 

The  time  which  elapses  between  the  observations  on  the  eastern 
and  western  quadrants  of  the  prime  vertical,  will  necessarily  v.iiy 
with  the  polar  distance  of  the  object,  and  will  be  less  in  proportion 
as  excess  of  that  distance  above  the  co-latitude  is  less.  The  ob- 
servations which  have  been  made  with  this  instrument  at  Piilkowa 
have  been  chiefly  confined  to  stars  whose  polar  distance  exceeds  the 
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co-latitude  by  less  than  2^,  In  that  case,  the  interval  between  the 
observations,  east  and  west,  would  be  less  than  three  hours. 

Professor  Struve  notices,  in  strong  terms,  the  advantage  which 
this  instrument  possesses  over  others  in  respect  to  the  errors  arising 
from  the  variation  of  the  inclination  of  the  line  of  collimation  to 
the  axis  of  rotation.  In  the  prime  vertical  instrument,  the  devia- 
tion of  the  line  of  collimation  from  true  perpendicularity  to  the  axis 
of  rotation,  is  assumed  to  be  invariable  only  during  the  short  in- 
terval of  a  single  observation,  whereas,  in  other  instruments,  its 
invariability  is  assumed  for  twelve  hours,  and  in  some  cases  for 
months,  and  even  years.  It  has  the  further  great  advantage,  that, 
by  reversion  in  each  quadrant,  east  and  west,  all  optical  imperfec- 
tions which  affect  the  precision  of  the  image  of  the  star  are  abso- 
lutely annihilated.* 

49.  The  Greenwiclft  altaximntli  instrument, — The  purpose 
chiefly  to  which  this  instrument  is  applied,  is  the  improvement  of 
the  lunar  theory  by  multiplying  in  a  large  ratio  the  observations  which 
can  be  made  from^  month  to  month  of  the  moon  in  almost  every 
part  of  her  orbit,  thus  supplying  materials  on  an  increased  scale 
for  a  comparison  of  obsenxd  positions  of  the  moon,  with  places 
calculated  from  tables  formed  for  that  purpose  from  theory.  Similar 
observations  were  always  made  with  the  mural  circle  and  the  transit, 
but  they  were  consequently  confined  to  meridional  transits.  Now, 
these  transits  cannot  be  obsened  on  the  meridian,  even  when  the 
firmament  is  unclouded,  for  four  days  before  and  four  days  after 
the  new  moon,  in  consequence  of  the  proximity  of  that  body  to 
the  sun ;  an  interval  amounting  to  little  less  than  one-third  of  the 
month.  Besides  this,  it  happens,  in  this  climate,  that,  at  the 
moment  of  the  meridional  transits  at  other  paints  of  the  month, 
the  observation  is  frequently  rendered  impracticable  by  a  clouded 
sky.  It  was,  therefore,  highly  desirable  to  contrive  some  means 
of  making  the  obsei-vations  in  extra-meridional  positions  of  the 
moon  which  would  bear  comparison  with  those  made  with  the 
meridional  instmments. 

This  could  obviously  be  accomplished  by  means  of  an  ordinary 
altitude  and  azimuth  circle;  but  such  an  instrument,  however 
perfect  might  be  its  construction,  is  not  susceptible  of  the  necessary 
precision.  The  Asti-onomer  Royal,  therefore,  conceived  the  idea  of 
an  instrument  on  the  same  principle,  which,  while  it  would  be 
capable  of  shifting  its  azimuth,  would  still  be  susceptible  of  as 
much  precision  in  each  vertical  in  which  it  might  be  placed,  as  the 

•  For  a  detailed  account  of  the  Pulkowa  prime  vertical  instrument,  see 
Deter tption  de  P  Observatoire  Astronomique  de  Pulkowa,  parF.  G.  W.  Stmve. 
Xiao  AMtronomUche  Nachrichten,  No.  4681  et  ieq. 
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mural  circle  has  in  the  meridian.  He  accordingly  proposed  to 
attain  this  object  by  adopting  adequate  engineering  expedients  to 
produce  the  necessaiy  solidity  and  invariability  of  form.  He 
adopted,  as  fundamental  principles  of  construction, — 

1 .  To  produce  as  many  parts  as  possible  in  a  single  casting ; 

2.  To  use  no  small  screws  for  combining  the  parts ; 

3.  To  allow  no  power  of  adjustment  anywhere. 

Following  out  these  principles,  the  instrument  represented  in 
Plate  IX.  was  constructed,  under  his  superintendence,  by  Messrs. 
Ransome  and  May,  engineers,  of  Ipswich ;  the  graduation  and 
optical  part  being  executed  by  Messrs.  Troughton  and  Simms. 

The  instrument  is  mounted  in  a  tower,  raised  to  such  a  height 
as  to  command  the  horizon  in  all  directions  above  the  other  build- 
ings of  the  Observatory,  except  on  the  side  of  the  south-east  dome 
and  the  octagon  room.  The  foundation  of  the  instrument  is  a 
three-rayed  pier  of  brickwork,  carried  up  nearly  to  the  level  of  the 
floor  of  the  room  appropriated  to  the  instrument.  Upon  this  pier 
is  placed  a  cylindrical  stone  pillar,  3  feet  in  diameter,  which 
appears  in  the  drawing,  and  on  which  the  instrument  is  placed. 
This  pillar  and  the  pier  upon  which  it  reposes  are  quite  indepen- 
dent of,  and  unconnected  with,  the  tower  within  which  it  is  erected, 
and  do  not  even  touch  the  floor  of  the  room  through  which  they 


The  fixed  horizontal  azimuth  circle  is  solidly  established  upon 
this  stone  pillar.  It  is  a  circle  3  feet  in  diameter,  the  rim  being 
connected  with  the  centre  in  the  usual  way  by  spokes.  The  whole 
is  constructed  of  hard  gun-metal.  In  the  upper  surface  of  the  rim 
a  circular  groove  is  left,  which  is  filled  with  a  band  of  silver,  on 
which  the  divisions  are  engraved.  This  circle  is  divided  into  arcs 
of  5'  continuously  from  0°  to  360°.  It  is  set  with  the  zero  towards 
the  south,  and  the  numbering  of  the  divisions  runs  from  south  to 
west,  north  and  east  This  azimuthal  circle  was  cast  in  a  single 
piece,  and  weighs  441  lbs. 

Attached  to  this,  and  concentric  with  it,  is  another  fixed  hori- 
zontal circle,  having  teeth  on  the  inside  edge,  in  which  the  pinions 
work  by  which  an  azimuth  motion  is  given  to  the  instrument. 

There  are  four  microscopes  placed  at  equal  distances  over  the 
graduated  arc,  which  are  provided  with  micrometers,  by  which  the 
observation  in  azimuth  is  read  ofl*.  These  microscopes  are  attached 
to  the  instrument  so  as  to  revolve  with  it  Their  reflectors  are 
illuminated  by  a  lamp  properly  placed. 

The  lower  pivot  on  which  the  instrument  turns  is  spherical,  and 
takes  a  bearing  upwards  in  a  socket  in  the  base-plate,  and  down- 
-wards  in  a  cone  of  hard  gun  metal.    A  portion  of  the  weight  of 
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the  instniment  is  taken  off  by  a  counterpoise  acting  by  levers  which 
push  a  slider  upwards  against  the  pi^ot.  To  support  the  upper 
pivot,  an  iron  triangle  is  established  on  the  three-rayed  pier.  On 
each  side  of  this,  is  erected  another  iron  triangle,  whose  plane  is 
vertical,  and  whose  sides  unite  in  a  vertex  which  forms  one  of  the 
angles  of  a  coiTesponding  triangle  above.  This  upper  triangle  sup- 
ports three  radial  bars,  which  carry  at  their  point  of  union  the  Y  in 
which  the  upper  pivot  plays.  The  bars  of  the  lateral  triangles, 
which  are  apparent  in  the  drawings,  pass  the  holes  in  the  floor  with- 
out touching  it. 

The  frame,  revolving  in  azimuth  and  carrying  the  instrument 
with  it,  consists  of  a  top  and  bottom  connected  by  vertical  cheeks, 
all  of  cast-iron.  The  supports  of  the  four  microscopes  for  reading 
off  the  azimuth  on  the  lower  circle  are  cast  in  the  same  piece  with 
these  vertical  cheeks. 

The  vertical  circle  carrying  the  telescope  is  3  feet  in  diameter, 
and,  like  the  azimuth  circle,  is  made  of  hard  gun  metal.  The 
aperture  of  the  object-glass  is  3I  in.  The  top  and  bottom  of  the 
instrument  each  carries  two  levels,  parallel  to  the  plane  of  the  hori- 
zontal axis,  used  in  observations  of  azimuth ;  and  two  levels  are 
fixed  on  one  of  the  vertical  cheeks  parallel  to  the  plane  of  the 
vertical  circle,  used  in  obser\'ations  of  zenith  distance. 

The  dome  over  the  instrument  is  cylindrical,  with  double  sides, 
between  which  the  air  passes  freely.     Its  diameter  is  i  o  feet. 

The  drawing  represents  the  instrument  as  in  use.  The  ladder 
revolves  in  azimuth,  round  the  central  pier,  —  to  facilitate  which 
motion,  rollers  are  placed  under  it.  A  metal  frame  is  attached  to 
the  vertical  cheek  of  the  instrument,  having  its  edges  in  a  plane  pa- 
rallel to  that  of  the  vertical  circle.  The  eye  being  directed  along 
these  to  view  the  object,  the  instrument  is  placed  very  nearly  in  the 
proper  azimuth,  and  the  telescope  is  then  accurately  directed  to  the 
object  by  the  ring-tinder.     This  frame  is  omitted  in  the  drawing. 

The  results  of  the  obsen-ations  made  with  this  instniment  are 
stated  to  have  fulfilled  all  the  anticipations  of  the  Astronomer 
Royal,  as  well  as  to  the  number  of  observations  as  to  their  excel- 
lence. The  number  of  observations  have  exceeded  those  made 
with  the  meridional  instruments  in  the  proportion  of  about  16  to  9. 
Some  have  been  made  even  within  a  day  of  conjunction. 

50.  The  ITortliiuiiberland  equatorial  —  CamhriAge  Obser- 
vatory.— The  late  Duke  of  Northumberland,  who  filled  during 
the  latter  part  of  his  life  the  high  and  honourable  office  of  Chan- 
cellor of  the  University  of  Cambridge,  presented  to  that  university 
this  instrument,  which,  successively  in  the  hands  of  the  Astronomer 
Royal  and  Professor  Cballis,  has  contributed  so  effectually  to  the 
advancement  of  astronomical  science. 
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The  instrument^  of  which  a  perspectiye  view  is  giyen  in  Plate  X., 
together  with  a  view  of  the  building  in  which  It  is  erected,  consists 
of  a  refracting  telescope  of  19^  feet  focal  length  and  1 1^  inches 
aperture  equatorially  mounted.  The  polar  axis,  as  appears  in  the 
drawing,  consists  of  a  system  of  framing  composed  of  six  strong  deal 
poleS;  attached  at  the  ends  to  two  hexagonal  frames  of  cast-iron, 
the  centres  of  which  support  the  upper  and  lower  pivots  on  which 
the  telescope  revolves.  These  poles  at  thu  middle  are  braced  by 
transverse  iron  bands,  and  by  a  system  of  diagonal  rods  of  deal 
abutting  near  the  middle  .of  the  poles.  These  give  stiffiiess  to  the 
entire  framing  of  the  polar  axis,  and  maintain  the  hexagonal  frames 
square  to  it.  Efficient  means  are  provided  to  give  elasticity  to  the 
supports  of  the  pivots  and  smoothness  to  the  equatorial  motion. 

The  tube  of  the  telescope  is  made  of  well-seasoned  deal,  and  at- 
tached to  one  side  of  it  is  a  flat  brass  bar,  6  feet  long,  carrying  a 
small  graduated  arc  at  right  angles  to  it  at  one  end,  and  turning  at 
the  other  on  a  pin  fixed  in  the  telescope  tube  at  a  distance  of  30 
inches  from  the  axis  of  revolution.  This  arc,  which  is  called  the 
declination  sector,  seizes  to  measui*e  small  differences  of  declination, 
and  is  read  by  a  micrometer  microscope  fixed  to  the  telescope  tube. 

The  hour-circle,  which  measures  the  equatorial  motion,  is  5^ 
feet  in  diameter,  and  is  so  arranged  that  it  can  be  clamped  to  the 
telescope,  or  disengaged  from  it,  at  pleasure.  It  has  two  indices 
with  verniers,  one  fixed  to  the  support  of  the  lower  pivot,  and  the 
other  to  the  hexagonal  frame.  By  setting  the  latter  to  a  certain 
angle,  determined  by  an  observation  of  a  star  of  known  right  ascen- 
sion, the  telescope  can  be  directed  to  any  proposed  right  ascension 
by  means  of  the  other  index.  Observations  of  right  ascension  can 
be  made  to  i  second  of  time.  The  outer  rim  of  the  circle  is  cut 
into  teeth,  which  are  acted  on  by  an  endless  screw  connected  at 
pleasure  by  a  brass  rod  with  a  lArge  clock,  by  which  a  motion  can 
be  given  to  the  telescope  corresponding  with  the  diurnal  motion  of 
the  heavens. 

The  hom'-circle  is  clamped  to  the  frame  of  the  axis  by  a  tangent- 
screw-clamp  fixed  to  the  frame  itself,  by  means  of  which,  with  the 
aid  of  a  handle  extending  to  the  place  of  the  obser^'er,  he  can, 
when  the  endless  screw  is  applied,  give  motion  to  the  instrument 
through  a  limited  space  upon  the  hour-circle.  The  rate  of  motion 
given  to  the  hour-circle  by  the  clock  is  not  affected  by  this  move- 
ment. The  hour-circle,  therefore,  going  according  to  sidereal  time, 
small  diffei-ences  of  right  ascension  can  be  measured  by  reading  off 
the  angles  pointed  to  by  the  movable  index  before  and  after  the 
changes  of  position. 

The  dome  which  covers  the  instrument,  and  which,  as  well  as 
the  other  details  of  its  erection,  was  constructed  under  the  direction 
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of  the  Astronomer  Royal,  who  was  then  the  Cambridge  astronomer, 
is  supported  so  as  to  revolve  on  free  balls  between  concave  chan- 
nels, holdfasts  of  peculiar  construction  being  provided  to  obviate 
the  eventuality  of  the  dome  l)eing  dislodged  or  blown  off  by  wind 
or  any  other  unusual  disturbance.  The  winch  which  acts  on  the 
machinery  for  turning  the  dome,  is  carried  to  the  observer's  chair, 
80  that  he  can,  while  engaged  in  a  long  observation,  turn  the  dome 
slowly  without  removing  from  his  position. 

The  magnitude  of  the  instrument,  and  the  consequent  extensive 
motion  of  the  eye-piece,  rendered  it  necessary  to  contrive  adequate 
means  by  which  the  ob8er\er  could  be  carried  with  the  eye-piece 
by  a  common  motion  without  any  personal  derangement  which 
might  disturb  the  observation.  This  is  accomplished  by  means  of 
an  ingenious  apparatus  consisting  of  a  fiiime,  of  which  the  upper 
edge  is  nearly  a  circidar  arc  whose  centre  is  the  centre  of  the  tele- 
scope, which  frame  traverses  horizontally  round  a  pin  in  the  flcor 
exactly  below  the  centre  of  the  telescope,  the  observer's  chair  sliding 
on  the  frame.  The  observer  can,  by  means  of  a  winch  placed  beside 
his  chair,  turn  round  the  frame  on  which  the  chair  is  supported, 
and  by  means  of  a  lever  and  ratchet  wheel  he  can  raise  and  lower 
the  chair  on  the  frame.  He  has  also  means  of  raising  and  depress- 
ing the  back  of  the  chair  so  as  to  give  it  the  inclination  he  may  at 
the  moment  find  most  convenient. 

51.  Tlie  Oreenwicli  erreat  equatorial. — This  instrument, 
which  was  completed  in  the  begiimiug  of  the  year  1 860,  wns  erected 
from  designs  by  the  Astronomer  Royal,  by  Messrs.  Ransomes  and 
Co.  of  Ipswich,  the  general  optical  work  being  performed  by  Messrs. 
Troughton  and  Simms,  of  London.  It  consists  of  a  telescope  with 
an  object-glass  by  Merz  of  izj  inches  aperture,  and  about  18  feet 
focal  length,  mounted  according  to  the  principle,  known  as  the 
English  form  of  equatorial  mounting. 

No  novelty  is  introduced  into  the  construction  of  the  polar  axis, 
except  that  the  declination  axis  is  so  far  advanced  in  front  of  the 
polar  axis,  and  the  upper  part  of  the  polar  frame  is  so  cut  away  that 
the  telescope  commands  the  meridian  without  interruption  to  a 
short  distance  beyond  the  pole.  Each  cheek  of  the  polar  axis  is 
constructed  in  the  form  of  a  skeleton  prism,  the  pillars  being  braced 
by  a  series  of  dia;jonal  tension  bars  and  transversal  thrusting  bars ; 
these  are  of  wrought  iron.  The  upper  and  lower  ovals  whicli  carry 
these  are  of  cast  iron.  On  the  spindle  of  the  lower  oval,  the  hour- 
wheel,  6  feet  in  diameter,  on  which  the  clock  movement  acts,  turns 
freely ;  this  wheel  can  be  clamped  wlieu  npcessary  to  tlie  oval  or  to 
the  foundation-plate. 

The  declination  circle,  attached  to  tlie  declination  axis,  is  read 
by  two  microscopes  placed  in  such  a  position,  that  though  thejf 


42  ASTRONOMY. 

view  opposite  graduations  on  a  5-feet  circle,  tlie  eye-pieces  are  only 
a  few  inches  apart.  For  the  illumination  of  the  microscopes  the 
light  enters  a  hole  in  the  side  of  the  eye-tube,  when  it  is  reflected 
downwards  by  diagonal  plates  of  transparent  glass ;  it  then  falls  upon 
the  limb,  whose  surface  is  turned  to  a  concave  or  dished  conical  form, 
so  that  the  axis  of  the  microscope  is  perpendicular  to  the  portion  of 
the  limb  under  view;  the  light,  therefore,  which  has  been  thrown 
down  that  axis  is  again  reflected  up  the  axis  to  the  eye.  There  is  a 
5-feet  clamp  circle  attached  to  the  opposite  cheek  of  the  polar  axis, 
whose  clamp-screw  and  slow-motion  are  acted  on  by  long  handles 
near  the  eye  end  of  the  telescope. 

For  convenience  of  setting,  and  for  reading  small  difierences  of 
polar  distances,  a  radial  bar  is  fixed  on  one  side  of  the  telescope, 
which  turns  on  a  pin  near  the  centre  of  motion,  its  graduation  being 
near  the  eye  end  of  the  telescope ;  this  radial  bar  is  bridled  by  a 
gi-aduated  sliding  rod,  of  which  the  distant  end  is  carried  by  a  pin 
f  n  one  cheek  of  the  polar  axis. 

The  instrument  is  provided  with  a  clock  movement,  which  is  a 
beautiful  specimen  of  the  application  of  mechanism  for  driving 
smoothly  so  heavy  a  mass.  From  a  self-suppljdng  tank  placed  on 
the  upper  story  of  the  building,  a  sufficient  fall  of  water  is  obtained 
for  working  a  reaction  machine,  which  revolves  four  times  in  a 
second.  This,  acting  through  two  worms,  drives  the  hour-circle. 
The  regulation  is  effected  by  the  contrivance  called  Sieman's  chro- 
uometric  governor,  acting  upon  a  pendulum  having  an  uniform 
conical  motion. 

The  limits  of  this  work  do  not  permit  a  lengthened  detail  of  all 
the  pecidiarities  of  this  instrument,  especially  as,  in  many  respects, 
the  general  appearance  and  many  of  its  parts  are  very  similar  to 
what  is  already  described  in  the  accoimt  of  the  Northumberland 
equatorial.  However,  as  a  specimen  of  astronomical  engineering  it 
is  considered  unique ;  and  the  adoption  in  its  construction  of  every 
modem  instrumental  improvement,  together  with  its  great  stability, 
rendei's  it  one  of  the  most  important  instruments  of  its  class  to  be 
foimd  in  any  coimtiy. 


CHAPTER  in. 


THE   GENEKAL  ROTUNDITY  AND  DIMENSIONS  OF  THE   EARTH. 

52.  Tlie  eartli  a  station  firom  whlob  tbe  onlTerse  Is 
observed. — The  earth  is,  in  various  points  of  view,  an  interesting 
object  of  scientific  investigation.  The  naturalist  regards  it  as  the 
habitation  of  the  numerous  tribes  of  organised  beings  which  are 
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the  special  subject  of  his  observation  and  inquiry,  and  examines 
curiously  those  properties  and  qualities  of  soil,  climate  and  atmo- 
sphere, by  which  it  is  fitted  for  their  maintenance  and  propagation, 
and  the  conditions  which  govern  their  distribution  over  its.  surface. 
The  geologist  and  mineralogist  regard  it  as  the  theatre  of  vast 
physical  operations  continued  through  periods  of  time  extending 
infinitely  beyond  the  records  of  human  history,  the  results  of  which 
are  seen  in  the  state  of  its  crust.  The  astronomer,  rising  above 
these  details,  regards  it  as  a  whole,  examines  its  form,  investigates 
its  motions,  measured  its  magnitude,  and,  above  all,  considers  it  as 
the  station  from  which  alone  he  can  take  a  survey  of  that  universe 
which  forms  the  peculiar  object  of  his  study,  and  asthe  only  modulus 
or  standard  by  which  the  magnitudes  of  all  the  other  bodies  in  the 
universe,  and  the  distances  which  separate  them  from  the  earth  and 
from  each  other,  can  be  measiured. 

53.  Veoessary  to  ascertain  Its  form,  dimenstoiuiv  and 
motions. — But  since  the  apparent  magnitudes,  motions,  and  rela- 
tive arrangement  of  surrounding  objects  severally  vary,  not  only 
with  every  change  in  the  position  of  the  station  of  the  observer,  but 
even  with  every  change  of  position  of  the  observer  on  that  station, 
it  is  most  necessary  to  ascertain  with  all  attainable  accuracy  the 
dimensions  of  the  earth,  which  is  the  station  of  the  astronomical 
observer,  its  form,  and  the  changes  of  position  in  relation  to  sur- 
rounding objects  to  which  it  is  subject. 

54.  Form  globular. — The  first  impression  produced  by  the 
aspect  presented  by  the  surface  of  the  eai-th  is  that  of  a  vast  indefinite 
plane  surface,  brc«en  only  by  the  accidents  of  the  ground  on  land, 
such  as  hills  and  mountains,  and  by  the  more  mutable  forms  due 
to  the  agitation  of  the  fluid  mass  on  the  sea.  Even  this  departure 
from  the  appearance  of  an  extensive  plane  surface  ceases  on  the  sea 
out  of  sight  of  land  in  a  perfect  calm,  and  on  certain  plains  of  vast 
extent  on  land,  such  as  some  of  the  prairies  of  the  American  conti- 
nents. 

This  first  impression  is  soon  shown  to  be  fallacious ;  and  it  is 
easily  demonstrated  that  the  immediate  indications  of  the  unaided 
sense  of  vision,  such  as  they  are,  are  loosely  and  incorrectly  inter- 
preted, and  that,  in  fact,  even  that  small  pai-t  of  the  earth's?  surface 
which  falls  at  once  within  the  range  of  the  eye  in  a  fixed  position 
does  not  appectr  to  be  a  plane. 

Supposing  that  any  extensive  part  of  the  surface  of  the  earth  were 
really  a  plane,  let  several  stakes  or  posts,  of  equtil  height,  be  erected 
along  the  same  straight  line,  and  at  equal  distances,  say  a  mile 
apart.  Let  these  stakes  be  represented  by  s«,  s' «',  s"  «'',  &c.,  Jiff. 
1 6,  and  let  a  stake  of  equal  height,  0  0,  be  erected  at  the  station  of 
the  observer.     Now  if  the  surface  wei-e  a  plane,  it  is  evident  that 
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the  points  $,  tf^  tf\  &c.  must  appear  to  an  eye  placed  at  o  in  the 
same  visual  line,  and  would  each  be  yisible  through  a  tube  directed 


till 


Fig.  i6. 

at  o  parallel  to  the  surface  o  s.  But  such  will  not  be  foimd  to  be 
the  case.  When  the  tube  is  directed  to  «,  all  the  succeeding  points 
«',  *",  &c.  will  be  heUno  its  direction.  If  it  be  directed  to  ?,  the 
point  «  will  be  oiow^  and  9^'  and  all  the  succeeding  points  will  be 
hehw  its  direction.  In  like  manner^  if  it  be  directed  to  i\  the 
preceding  points  «  and  s'  will  be  above^  and  the  succeeding  points 
hdow  its  direction.  In  effect  it  will  appear  as  though  each  suc- 
ceeding stake  were  a  little  shorter  than  the  preceding  one.  But 
as  the  stakes  are  all  precisely  equal,  it  must  be  inferred  that  the 
successive  points  of  the  surface  s,  s',  s",  s"',  &c.  are  relatively  lower 
than  the  station  0.  Nor  will  the  effects  be  explained  by  the  sup- 
position that  the  surface  ess'  s^'^  &c^  is  a  descending  but  still 
aplixne  siurface,  because  in  that  case  the  points  «,  tf,  8^,  &c.  must  still 
be  in  the  same  visual  line  directed  from  0,     It  therefore  follows 


^^^^^ 


Fig.  17. 

that  the  surface  in  the  direction  0  8  s'  s"  s'",  &c.  is  noiplme  but 
curved,  as  represented  in  Jig.  1 7,  where  the  visual  lines  are  in 
obvious  accordance  with  the  actual  appearances  as  above  explained. 

Now  since  these  effects  are  found  to  prevwl  in  every  direction 
around  the  point  of  observation  o,  it  follows  that  the  curvature  of 
the  surface  prevails  all  aroimd  that  point ;  and  since  the  extent  of  the 
depression  of  the  points  8,  s',  s",  &c.  at  equal  distances  from  0,  are 
equal  in  every  direction  around  0,  it  follows  that  the  curvature  is 
in  every  direction  sensibly  uniform  around  that  point 

But  by  shifting  the  centre  of  observation  0,  and  making  similar 
observations  elsewhere,  and  on  every  part  of  the  earth  where  such 
a  process  is  practicable,  not  only  are  like  effects  observed,  but  the 
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decree  of  depression  corresponding  to  equal  dibtances  from  the  centres 
of  observation  is  the  same. 

Hence  we  infer  that  the  surface  of  the  earth,  as  observed  directly 
hy  the  eye,  is  not  a  plane  surface,  but  one  everywhere  curved,  and 
that  the  curvature  is  everywhere  uniform,  at  least  that  no  departure 
from  perfect  uniformity  in  its  general  cur\'ature  exists  sufficiently 
considerable  to  be  discovered  by  this  method. 

But  the  only  form  of  a  solid  body  which  has  a  surface  of  uniform 
curvature  is  a  sphere  or  globe,  and  it  is  therefore  established  that 
such  is  the  form  of  the  earth. 

55.  Tbls  oonoloBlon  oorroborated  by  otrcmimaTivation. — 
If  a  vessel  sail,  as  far  as  it  is  practicable  to  do  so,  constantly  in  the 
same  direction,  it  will  at  length  return  to  the  port  of  its  departure, 
having  circumnavigated  the  earth,  and  during  its  course  it  appears 
to  pass  over  an  uniform  surface.  This  is  obviously  what  must  take 
place  so  far  as  regards  that  part  of  the  earth  which  is  covered  with 
water,  supposing  it  to  be  a  globe. 

56.  Corroborated  by  lunar  eclipses. — But  the  most  striking 
and  conclusive  corroboration  of  the  interence  just  made,  and  indeed 
a  phenomenon  which  alone  would  demonstrate  the  form  of  the  earth, 
is  that  which  is  exhibited  in  lunar  eclipses.  These  appearances, 
which  are  so  frequently  witnessed,  are  caused  by  the  earth  coming 
between  the  sun  and  the  moon,  so  as  to  cast  its  shadow  upon  the 
latter.  Now  the  form  of  that  shadow  is  always  precisely  that 
which  one  globe  wotdd project  upon  an/)ther.  The  phenomenon  thus 
at  once  establishes  not  only  the  globular  form  of  the  earth,  but  that 
of  the  moon  also. 

57.  Various  effects  indicating  tbe  earth's  rotundity. — The 
rotundity  of  the  earth  being  once  admitted,  a  multitude  of  its  con- 
sequences and  effects  present  themselves,  which  supply  corrobora- 
tive evidence  of  that  important  proposition. 

When  a  ship  sails  from  the  observer,  the  first  part  which  should 
cease  to  be  visible,  if  the  earth  were  a  plane,  would  be  the  rod  of  the 


Fig.  18. 


top-mast,  having  the  smallest  dimensions,  and  the  last  the  hull  and 
sails,  being  the  greatest  in  magnitude; — but,  in  fact,  th^  -^^y^ 
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reverse  takes  place.  The  hull  first  disappears,  then  the  sails,  and 
lastly  the  top-mast  alone  is  visible  by  a  telescope,  appearing  like 
a  pole  planted  in  the  water.  This  becomes  gradually  shorter,  ap- 
pearing to  sink  in  the  water  as  the  vessel  recedes  from  the  eye. 

These  appearances  are  the  obvious  consequences  of  the  gradual 
interposition  of  the  convexity  of  the  part  of  the  earth's  sur£Etce  over 
which  the  vessel  has  passed,  and  will  be  readily  comprehended  by 
the /^.  1 8. 

If  the  observer  take  a  more  elevated  position,  the  same  succes- 
sion of  phenomena  will  be  presented,  only  greater  distances  will 
^'        be  necessary  to  produce  the  same  degree  of  ap- 
parent sinking  of  the  vessel. 

Land  is  visible  from  the  top-mast  in  approaching 
the  shore,  when  it  cannot  be  seen  from  the  deck. 

The  top  of  the  peak  of  Teneriffe  can  be  seen  frx>m 
a  distance  when  the  base  of  the  mountain  is  in- 
visible. 

The  sun  shines  on  the  summits  of  the  Alps  long 
after  sunset  in  the  valleys. 

An  aeronaut  ascending  after  sunset  has  wit- 
nessed the  sun  reappear  with   all  the  effects  of 
sunrise.     On  descending,  he  witnessed  a  second 
sunset. 
L,  58.  Bimenslons  of  tHe  eartb. — Metbod  of 

I  measuring  a  derree.  —  Having  thus  ascertjiiu- 

I  ed  that  the  fonn  of  the  earth  is  a  globe,  it  now 

remains  to  discover  its  magnitude,   or,   what  is 
the  same,  its  diameter. 

For  this  purpose  it  will  be  necessary  first  to  as- 
ceilain  the  actual  length  of  a  degree  upon  its  sur- 
face, that  is,  the  distance  between  two  point«  on 
the  surface,  so  placed  that  the  lines  drawn  from 
them  to  the  centre  shall  make  with  each  other  an 
angle  of  one  degree. 

Let  p  and  f^^fig.  1 9,  represent  two  places  upon 
the  earth's  surface,  distant  from  each  other  from 
60  to  100  miles,  and  let  c  be  the  centre  of  the 
earth.  Now,  let  us  suppose  that  two  observers  at 
the  places  p  and  p'  observe  two  stars  «  and  «', 
which  at  the  same  time  are  vertically  over  the  two 
places,  and  to  which,  therefore,  plumb-lines  sus- 
pended at  the  two  places  would  be  directed.  The 
direction  of  these  plumb-lines,  if  continued  down- 
wards, would  intersect  at  c,  the  centre  of  the  earth. 
The  visual  angle  under  the  directions  of  these  stars  %  and  if  atp' 
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iBtpi^,  and  &t  cis  s  c  s^.  But,  owing  to  the  insignificant  propor- 
tion which  the  distances  p  p*  and  p  c  bear  to  the  distances  of  the 
stars,  the  visual  angle  of  the  stars,  whether  seen  from  p  or  c,  will 
be  the  same.  If,  then,  this  visual  angle  at  p'  be  measured,  as  it 
may  be  with  the  greatest  precision,  we  may  consider  it  as  the  mag- 
nitude of  the  angle  p  c  p\ 

Let  the  actual  distance  D,  between  the  places  p  and  f/,  be  mea- 
sured or  ascertained  by  the  process  of  surveying,  and  the  number 
of  seconds  in  the  observ^ed  angle  «  /?'  a'  be  expressed  by  a.  If  d 
express  the  distance  of  two  points  on  the  earth  which  would  sub- 
tend at  the  centre  c  an  angle  of  1°,  we  shall  then  have  — 

a  :  ;6oo  ::  d  :  c?  =  d  x , 

since  the  number  of  seconds  in  a  degree  is  3600. 

59.  ^enflTtli  of  a  decree.  —  In  this  way  it  has  been  ascertained 
that  the  length  of  a  degree  of  the  earth's  surface  is  a  little  less 
than  70  British  statute  miles,  and  may  be  expressed  in  feet  (in 
roimd  numbers)  by  365,000. 

It  will  therefore  be  easy  to  remember  that  the  length  of  a  degree 
is  as  many  thousand  feet  as  there  are  days  in  the  year. 

60.  Xien^b  of  a  second  of  tlie  eartli.  —  To  find  tbe  earth's 
diameter. — Since  a  second  is  the  3600th  part  of  a  degree,  it  follows 
also  that  the  length  of  a  second  is  a  hundred  feet  verj'  nearly,  a 
measure  also  easily  remembered 

Nothing  can  be  more  easy,  after  what  has  been  stated,  thau  the 
solution  of  the  pn)blem  to  determine  the  earth's  diameter.  If  r 
express  the  radius  or  seinidiameter  of  the  earth  c  /;,  a  the  arc  p  p^ 
of  the  earth's  surface  betAveen  the  two  places,  Jig.  i  g,  and  a  the 
angle  p  c  //,  we  shall  have 

If  the  distance  a  be  one  degree,  this  will  become 

r=  "^-^f^  X  206,265  =  20,912,979, 
3,000 

or  very  nearly  twenty-one  million  feet,  which  is  equal  to  3960 
statute  miles.  So  that  the  diameter  of  the  earth  would  be  7920 
miles,  or  in  round  numbers  (for  wo  are  not  here  pretending:  to 
extreme  arithmetical  precision)  about  8000  miles. 

The  process  of  obiJerv-ation  above  explained  is  not  in  its  details 
exactly  that  by  which  the  magnitude  of  the  earth  is  ascertained, 
but  it  is  in  spirit  and  principle  the  method  of  observation  and  (cal- 
culation.    It  would  not  be  easy  to  find,  for  example,  any  two 
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observable  stars  which  at  one  and  the  same  moment  would  be 
vertically  over  the  two  places  p  and  p',  but  any  two  stars  nearly 
over  them  would  equally  answer  the  purpose  by  observing  the 
extent  of  their  departure  from  the  vertical  direction.  Neither  is  it 
necessary  that  the  two  observations  should  exactly  coincide  as  to 
time ;  but  these  details  do  not  affect  the  principle  of  the  method, 
though  they  require  some  consideration  to  make  them  cleacly  in- 
telligible. 

6 1 .  Baperflotal  ineqaalltles  of  tbe  eartb  relatlTel j  insl^- 
nifloant. — It  is  by  comparison  alone  that  we  can  acquire  any  clear 
or  definite  notions  of  distances  and  magnitudes  which  do  not  come 
under  the  immediate  cognizance  of  the  senses.  If  we  desire  to  ac- 
quire a  notion  of  a  vast  distance  over  which  we  cannot  pass,  we 
compare  it  with  one  with  which  we  have  immediate  and  actual 
acquaintance,  such  as  a  foot,  a  yard,  or  a  mile.  In  Astronomy, 
having  to  deal  with  magnitudes  exceeding  in  enormous  proportions 
those  of  all  objects,  even  the  most  stupendous,  which  are  so  ap- 
proachable as  to  afford  means  of  direct  sensible  observation,  we  are 
incessantly  obliged  to  have  recourse  to  such  comparisons  in  order 
to  give  some  degree  of  clearness  to  our  ideas,  since  without  them 
our  knowledge  would  become  a  mere  assemblage  of  words,  num- 
bers, and  geometrical  diagrams. 

When  it  is  stated  that  the  earth  is  a  globe,  the  first  objection 
which  will  be  raised  by  the  uninformed  student  is  that  the  conti- 
nents, islands,  and  tracts  of  land  with  which  it  is  covered  are  marked 
by  considerable  inequalities  of  level ;  that  mountains  rise  into  ridges 
and  peaks  of  vast  height;  that  the  seas  and  oceans,  though  level  at 
their  suiface  in  a  certain  general  sense,  are  agitated  by  great  waves, 
and  alternately  swelled  and  depressed  by  tides,  and  that  the  solid 
bottom  of  them  is  known  to  be  subject  to  inequalities  analogous  in 
character,  and  not  less  in  depth,  than  those  which  prevail  on  the 
land.  Since,  then,  it  is  the  characteristic  property  of  a  globe  that 
all  points  on  its  surface  are  equally  distant  from  its  centre,  how,  it 
may  be  demanded,  can  a  mass  of  matter,  so  unequal  in  its  surface  as 
the  earth  is,  be  a  globe  ? 

It  may  be  conceded  at  once,  in  reply  to  this  objection,  that  the 
earth  is  not,  in  the  strict  geometric  sense  of  the  term,  a  globe. 
But  let  us  consider  the  extent  of  its  departure  from  the  globular 
form,  so  far  as  relates  to  the  superficial  inequalities  just  adverted  to. 

The  most  lofty  moimtain  peaks  do  not  exceed  five  miles  in  height. 
Few,  indeed,  approach  that  limit.  Most  of  the  considerable  moun- 
tainous districts  are  limited  to  less  than  half  that  height.  No 
conaiderablo  tract  of  land  has  a  general  elevation  even  of  one  mile. 
The  deepest  parts  of  the  sea  have  not  been  sounded;  but  it  is 
certain  that  their  depth  does  not  exceed  the  heights  of  the  most 
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lofly  mountains,  and  the  general  depth  is  incomparably  less.  The 
tuperficial  inequalities  of  the  aqueous  surface  produced  by  waves 
and  tides  are  comparatively  insignificant 

Now,  let  us  consider  how  these  several  superficial  inequalities 
would  be  represented,  observing  a  due  propoilion  of  scale,  even  on 
the  most  stupendous  model. 

Construct  a  globe  20  feet  in  diameter,  as  a  model  of  the  earth. 
Since  20  feet  represents  8000  miles,  1  -400th  part  of  a  foot,  or 
3-1 00th  parts  of  an  inch,  represents  a  mile.  The  height,  therefore, 
of  the  most  lofty  mountain  peak,  and  the  greatest  depth  of  the 
ocean,  would  be  represented  by  a  protuberance  or  a  hole  having  no 
greater  elevation  or  depth  than  i5-iooth8,  or  about  the  seventh 
part  of  an  inch.  The  general  elevation  of  a  continent  would  be 
fairly  represented  by  a  leaf  of  paper  pasted  upon  the  surface,  having 
the  thickness  of  less  than  the  fiftieth  of  an  inch ;  and  a  depression 
of  little  greater  amount  would  express  the  depth  of  the  general  bed 
of  the  sea. 

It  will  therefore  be  apparent,  that  the  departure  of  such  a  model 
from  the  true  form  of  a  globe  would  be  in  all,  save  a  strictly  geo- 
metrical sense,  absolutely  insignificant 

62.  RelatiTe  dimensions  of  tlie  atmospliere. — The  surface 
of  the  earth  is  covered  by  an  ocean  of  air  which  fioats  upon  it»  as 
the  waters  of  the  seas  rest  upon  their  solid  bed.  The  density  of 
this  fluid  is  greatest  in  the  stititum  which  is  in  immediate  contact 
with  the  surface  of  the  land  and  water  of  the  earth,  and  it  di- 
minishes in  a  very  mpid  ratio  in  ascending,  so  that  one  half  of  the 
entire  atmosphere  is  included  in  the  strata  whose  height  is  within 
3  J  miles  of  the  surface.  At  an  altitude  of  80  miles,  or  the  hun- 
dredth part  of  the  earth's  diameter,  the  rarefaction  must  be  so  ex- 
treme, that  neither  animal  life  nor  combustion  could  be  main- 
tained. 

The  atmosphere,  being  then  limited  to  such  a  height,  would  be 
represented  on  the  model  above  described  by  a  stratum  two  inches 
and  a  half  thick. 

63.  Zf  tlie  eartli  moveil,  how  could  its  motion  be  per- 
eeived  T —  Nothing  is  more  repugnant  to  the  fii-st  impressions  re- 
ceived from  the  aspect  of  the  surface  of  the  earth,  and  all  upon  it, 
than  the  idea  that  it  is  in  motion.  But  if  this  universal  impression 
be  traced  to  its  orifrin,  and  rightly  interpreted,  it  "^dll  not  bo  found 
erroneous,  and  will  form  no  exception  to  the  general  maxim  which 
induces  all  persons,  not  even  excepting  philosophers,  to  regard  with- 
out disrespect  notions  which  have  obtained  universal  popular  ac- 
ceptation. 

What  is  the  stability  and  repose  ascribed  by  the  popular  judg- 
ment to  the  earth  ?     Kepose  certainly  absolute,  so  fjar  as  regards  al] 
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objects  of  vulgar  or  popular  contemplation.  It  is  maintained,  and 
maintained  truly,  that  eyerything  upon  the  earth,  so  far  as  the 
agency  of  external  causes  is  concerned,  is  at  relative  rest.  Hills, 
mountains,  and  valleys,  oceans,  seas,  and  rivers,  as  well  as  all  artificial 
structures,  are  in  relative  repose ;  and  if  our  observation  did  not  ex- 
tend to  objects  exterior  to  the  globe,  the  popular  maxim  would  be 
indisputable.  But  the  astronomer  contemplates  objects  which 
either  escape  the  attention  of,  or  are  imperfectly  known  to  man- 
kind in  general ;  and  the  phenomena  which  attend  these  render  it 
manifest,  that  wlule  the  earth,  in  relation  to  all  objects  upon  it  and 
forming  part  of  it,  is  at  rest,  it  is  in  motion  with  relation  to  all  the 
other  bodies  of  the  universe. 

The  motion  of  objects  external  to  the  observer  is  perceived  by 
the  sense  of  sight  only,  and  is  manifested  by  the  relative  displace- 
ment it  produces  among  the  objects  afiected  by  it,  with  relation  to 
objects  around  them  which  are  not  in  motion,  and  with  relation  to 
each  other.  Motions  in  which  the  person  of  the  observer  partici- 
pates may  afiect  the  senses  both  of  feeling  and  sight.  The  feeling 
is  afiected  by  the  agitation  to  which  the  body  of  tiie  observer  is  ex- 
posed. Thus,  in  a  carriage  which  starts  or  stops,  or  suddenly  in- 
creases or  slackeiis  its  speed,  the  matter  composing  the  person  of 
the  observer  has  a  tendency  to  retain  the  motion  which  it  had  pre- 
vious to  the  change,  and  is  accordingly  affected  with  a  certain  force, 
as  if  it  were  pushed  or  drawn  from  rest  in  one  direction  or  the  other. 
But  once  in  a  state  of  uniform  motion,  the  sense  of  feeling  is  only 
affected  by  the  agitation  proceeding  from  the  inequalities  of  the 
road.  If  these  inequalities  are  totally  removed,  as  they  are  in  a 
boat  drawn  at  a  uniform  rate  on  a  canal,  the  sense  of  feeling  no 
longer  affords  any  evidence  whatever  of  the  motion. 

A  remarkable  example  of  the  absence  of  all  consciousness  of 
motion,  so  far  as  mere  feeling  is  concerned,  is  presented  to  all  who 
have  ascended  in  a  balloon.  As  the  aerial  vehicle  floats  with  the 
stratum  of  the  air  in  which  it  is  suspended,  the  feeling  of  the 
aeronaut  is  that  of  the  most  absolute  repose.  The  balloon  seems 
as  fixed  and  immovable  as  ^e  solid  globe  itself,  and  nothing  could 
produce  in  the  voyager,  blindfolded,  any  consciousness  whatever  of 
motion.  When  however  his  eyes,  unbandaged,  are  turned  down- 
wards, he  sees  the  vast  diorama  below  moving  under  him.  Fields 
and  woods,  villages  and  towns  pass  in  succession,  and  the  pheno- 
mena are  such  as  to  impress  on  the  eye,  and  through  the  eye  upon 
the  mind,  the  conviction  that  the  balloon  is  stationary,  and  the 
earth  moving  under  it.  A  certain  effort  of  the  imderstanding, 
slight,  it  is  true,  but  still  an  effort,  is  required  to  arrive  at  the  in- 
ference that  the  impression  thus  produced  on  the  sense  of  vision  is 
an  illusion,  that  the  motion  with  which  the  landscape  seems  to  be 
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affected  is  one  which  in  reality  affects  the  balloon  in  which  the 
spectator  is  suspended^  and  that  this  motion  is  equal  in  speedy  and 
contrary  in  direction,  to  that  which  appears  to  affect  the  subjacent 
country. 

Now  it  will  be  evident,  that  if  the  globe  of  the  earth,  and  all 
upon  it,  were  floating  in  space,  and  moving  in  any  direction  at  any 
uniform  rate,  no  consciousness  of  such  motion  could  affect  any  sen- 
sitive being  upon  it.  All  objects  partaking  in  common  in  such 
motion,  no  more  derangement  among  them  would  ensue  than 
among  the  persons  and  objects  transported  in  the  car  of  the  balloon, 
where  the  aeronaut,  no  matter  what  be  the  speed  of  the  motion,  can 
fill  a  glass  to  the  brim  as  easily  as  if  he  were  upon  the  solid  ground. 
Supposing,  then,  that  the  earth  were  affected  by  any  motion  in 
which  all  objects  upon  it,  including  the  waters  of  the  ocean,  the 
atmosphere,  and  clouds,  would  all  participate,  would  the  existence 
of  such  a  motion  be  perceived  by  a  spectator  placed  upon  the  earth 
who  would  himself  partake  of  it  P  It  is  clear  that  he  must  remain 
for  ever  unconscious  of  it,  unless  he  could  find  within  the  range  of 
his  vision  some  objects  which,  not  partaking  of  the  motion,  would 
appear  to  have  a  motion  contrary  to  that  which  the  observer  has  in 
common  with  the  earth. 

But  such  objects  are  only  to  be  looked  for  in  the  regions  of  space 
beyond  the  limits  of  the  atmosphere.  We  find  them  in  the  sun,  the 
moon,  the  stars,  and  all  the  objects  which  the  firmament  presents. 
Whatever  motion  the  earth  may  have  will  impart  to  all  these  dis- 
tant objects  the  appearance  of  a  motion  in  the  contrary  direction. 


CHAPTER  IV. 

SPHEROIDAL  FORM,   MASS,   AND   DENSITY    OF  THE   EARTH. 

64.  ProffresB  of  pliyslcal  inTestlgration  approximatlTe. — 

It  is  the  condition  of  man,  and  probably  of  all  other  finite  intelli- 
gences, to  arrive  at  the  possession  of  knowledge  by  the  j-Iow  and 
laborious  process  of  a  sort  of  system  of  trial  and  error.  The  first 
conclusions  to  which,  in  physical  enquiries,  observation  conducts  us, 
are  never  better  than  very  rough  approximations  to  the  truth. 
These  being  submitted  to  subsequent  comparison  with  the  originals, 
imdergo  a  first  series  of  corrections,  the  more  prominent  and  con- 
spicuous departures  from  confomiity  being  removed.  A  second 
approximation,  but  still  only  an  approximation,  is  thus  obtained : 
and  another  and  still  more  severe  comparison  with  the  phenomena 
under  investigation  is  made,  and  another  order  of  correctioTV&  \s^ 
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effected,  and  a  doeer  approximation  obtained.  Nor  doea  this  pix)- 
greesive  approach  to  perfect  exactitude  appear  to  have  any  limit. 
The  best  results  of  our  intellectual  labours  are  still  only  close 
resemblances  to  truth,  the  absolute  perfection  of  which  is  probably 
reserved  for  a  higher  intellectual  state. 

The  labours  of  the  physical  inquirer  resemble  those  of  the 
sculptor,  whose  first  efibrts  produce  from  the  block  of  marble  a  rude 
and  uncouth  resemblance  of  the  human  form,  which  only  approaches 
the  grace  and  beauty  of  nature  by  comparing  it  incessantly  and 
indefatigably  with  the  original ;  detaching  from  it  first  the  grosser 
and  rougher  protuberances,  and  subsequently  reducing  its  parts  by 
the  nicer  and  more  delicate  touches  of  the  chisel  to  near  conformity 
with  the  model. 

It  would  however  be  a  great  mistake  to  depreciate  on  this  account 
the  results  of  our  first  efforts  in  the  acquisition  uf  a  knowledge  of 
the  laws  of  natiu^.  If  the  first  conclusions  at  which  we  arrive  are 
erroneous,  they  are  not  therefore  the  less  necessaiy  to  the  ultimate 
attainment  of  more  exact  knowledge.  They  prove,  on  the  contrary, 
not  only  to  be  powerful  agents  in  the  discovery  of  those  corrections 
to  which  they  are  themselves  to  be  submitted,  but  to  be  quite 
indispensable  to  our  progress  in  the  work  of  investigation  and  dis- 
covery. 

These  observations  will  be  illustrated  by  the  process  of  instruction 
and  discovery  in  every  department  of  physical  science,  but  in  none 
so  frequently  and  so  forcibly  as  in  that  which  now  occupies  us. 

65.  Figure  of  tbe  eartli  an  example  of  tliis.  —  The  first  con- 
clusions at  which  wo  have  anived  respecting  the  form  of  the  earth 
is  that  it  is  a  globe  ^  and  with  respect  to  its  motion  is,  that  It  is  in 
uniform  rotation  round  one  of  its  diameters,  making  one  complete 
revolution  in  twenty-four  hours  sidereal  time,  or  23**  56"  4^*09 
common  or  civil  time. 

66.  Olobniar  figriure  incompatible  witb  rotation.  —  The  first 
question  then  which  presents  itaelf  is,  whether  this  form  and 
rotation  are  compatible  ?  It  is  not  diflicult  to  show,  by  the  most 
simple  principles  of  physics,  that  they  are  not ;  that  with  such  a 
form  such  a  rotation  coidd  not  be  maintained,  and  that  with  such  a 
rotation  such  a  form  could  not  permanently  continue.  And  if  this 
can  be  certainly  established,  it  will  be  necessary  to  retrace  our 
steps,  to  submit  our  former  coiu^lusions  to  more  rigorous  comparison 
with  the  objects  and  phenomena  fi-om  which  they  were  derived,  and 
ascertain  which  of  them  is  inexact,  and  what  is  the  modification 
and  correction  to  which  it  must  be  submitted  in  order  to  be  brought 
into  hanuouy  with  the  other. 

67.  Rotation  cannot  be  modified  —  aappoaed  fonn  may. — 
The  conclusion  that  the  earth  revolves  on  its  axis  with  a  motioo 


FORM  AND  DENSITY  OF  THE  EARTH. 


53 


corresponding  to  the  apparent  rotation  of  tlie  firmament^  is  one  which 
admits  of  no  modification^  and  must  from  its  nature  be  either  ab- 
solutely admitted  or  absolutely  rejected.  The  globular  form  im- 
puted to  the  earth,  however,  has  been  inferred  for  observations  of  a 
general  nature,  unattended  by  any  conditions  of  exact  measurement, 
and  which  would  be  equally  compatible  with  innumerable  forms, 
departing  to  a  veiy  considerable  and  measurable  extent  from  that 
of  an  exact  geometrical  sphere  or  globe. 

68.  Bow  rotation  would  alfeot  tlie  saperllotal  ffravity  on 
a  fflobe. — Let  N  Q  s,  fig  20.,  represent  a  section  of  a  globe  sup- 
posed to  have  a  motion  of  rota- 
tion round  the  diameter  N  s  as 
an  axis.  Every  point  on  its  sur- 
face, such  as  p  or  p',  will  revolve 
in  a  circle,  the  centre  of  which 
o  or  0'  will  beupon  the  axis,  and 
the  radius  o  P  or  0'  p'  will  gra- 
dually decrease  in  approaching 
the  poles  n  and  a,  where  no  mo- 
tion takes  place,  and  will  gradu- 
ally increase  in  approaching  the 
equator  Q  0  Q,  where  the  circle  of 
rotation  will  be  the  equator  itself. 


Fig.  10. 


A  body  placed  at  any  part  of  the  surface,  such  as  P,  being  thus 
carried  round  in  a  circle,  will  be  affected  by  a  centrifugal  force, 
the  intensity  of  which  will  be  expressed  by  (M.  314) 

c  =  I  -227  X  R  X  n'  X  w, 

where  r=p  o,  the  radius  of  the  circle,  N  the  fraction  of  a  revo- 
lution made  in  one  second,  and  w  the  weight  of  the  body,  and  the 
direction  of  which  is  p  c. 

This  centrifugal  force  being  expressed  by  p  c  is  equivalent(M.  1 66), 
to  two  forces  expressed  in  intensity  and  direction  by  p  m  and  p  w. 
The  component  P  m  is  directly  opposed  to  the  weight  w  of  the  body, 
which  acts  in  the  line  p  0  directed  to  the  centre,  and  has  the  effect 
of  diminishing  it.  The  component  p  n  being  directed  towards  the 
equator  Q,  has  a  tendency  to  cause  the  body  to  move  towards  the 
equator ;  and  the  body,  if  free,  would  necessarily  so  move. 

Now  it  will  be  evident,  by  the  mere  inspection  of  the  diagram, 
that  the  nearer  the  point  p  is  to  the  equator  Q,  the  more  directly 
will  the  centrifugal  force  p  c  be  opposed  to  the  weight,  and  con- 
fequently  the  greater  will  be  that  component  of  it,  P  wi,  which 
•will  have  the  effect  of  diminishing  the  weight 

But  this  diminution  of  the  weight  is  further  augmented  by  the 
increase  of  the  actual  intensity  of  the  centrifugal  force  \\a^^  Sxi 
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approaching  the  equator.  By  the  above  formula,  it  appears  that 
the  intensity  of  the  centrifugal  force  must  increase  in  proportion 
as  the  radius  b  or  p  o  increases.  Now  it  is  apparent  that  p  o 
increases  gradually  in  going  from  P  too,  since  p'  o'  is  greater,  and  o,  o 
greater  still  than  P  o ;  and  that,  on  the  other  hand,  it  decreases  in 
going  from  p  to  N  or  s,  where  it  becomes  nothing. 

Thus  the  effect  of  the  centrifugal  force  in  diminishing  weight 
being  nothing  at  the  pole  N  or  s,  gradually  increases  in  approaching 
the  equator  (first,  because  its  absolute  intensity  gradually  increases ; 
aud  secondly,  because  it  is  more  and  more  directly  opposed  to  gravity 
until  we  arrive  at  the  equator  itwelf,  where  its  intensity  is  greatest, 
and  where  it  is  directly  opposed  to  gravity. 

The  effects,  therefore,  produced  by  the  rotation  of  a  globe,  such 
as  the  earth  has  been  assumed  to  be,  are  —  ist.  The  decrease  of 
the  weights  of  bodies  upon  its  suiface,  in  going  from  the  pole  to  the 
equator ;  and  zndly,  A  tendency  of  all  such  bodies  as  are  free,  to 
move  from  higher  latitudes  in  either  hemisphere  towards  the 
equator. 

69.  Tlie  flffnre  must  be  some  sort  of  oblate  spberotd.  — 
Now  the  effects  produced  by  centrifugal  force  caused  by  the  rota- 
tion of  the  earth,  would  be  fulfilled  if,  instead  of  being  an  exaet 
sphere,  it  were  an  oblate  spheroid,  having  a  certain  definite  ellipti- 
city, — that  is,  a  figure  which  would  be  produced  by  an  ellipse 
revolving  round  its  shorter  axis.  Such  a  figure  would  resemble  an 
orange  or  a  turnip.  It  would  be  more  convex  at  the  equator  than 
at  the  poles.  A  globe  composed  of  elastic  materials  would  be 
reduced  to  such  a  figure  by  pressing  its  poles  together  so  as  to 
flatten  more  or  less  the  surface  of  these  points,  and  produce  a  pro- 
tuberance around  the  equator.  The 
meridians  of  such  a  globe  would  be 
ellipses,  having  its  axis  as  their  lesser 
axis,  and  the  diameters  of  the  equator 
as  their  greater  axes. 

The  form  of  the  meridian  would 
be  such  as  is  represented  in^.  21, 
N  8  being  the  axis  of  rotation,  and 
m  Q  the  equatorial  diameter. 
^a  Its  elUptielty  must  depend  on  grravit j  and  centrlftiffal 
roroe« — The  protuberance  around  the  equator  may  be  more  or  less, 
according  to  the  ellipticity  of  the  ppheroid  ;  but  since  the  distribu- 
tion of  land  and  water  is  indifferent  on  the  surface,  having  no 
prevalence  about  the  equator  rather  than  about  the  poles,  or  vice 
versdy  it  is  evident  that  the  degree  of  protuberance  must  be  that 
which  counteracts,  and  no  more  than  counteracts,  the  tendency  of 
the  fluids,  in  virtue  of  the  centrifugal  force,  to  flow  towards  the 


Fig.  21. 
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equator.  This  protuberance  may  be  considered  as  equivalent  in  its 
effects  to  an  acclivity  of  regfidated  inclination,  rising  from  each 
pole  towards  the  equator.  To  arrive  at  the  equator  the  fluid  must 
ascend  this  acclivity,  to  which  ascent  gravity  opposes  itself,  with  a 
force  depending  on  its  steepness,  which  increases  with  the  magni- 
tude of  the  protuberance,  or,  what  is  the  same,  with  the  ellipti- 
city  of  the  spheroid.  If  the  ellipticity  be  less  than  is  necessary  to 
counteract  the  effect  of  the  centrifugal  force,  the  fluid  will  still 
flow  to  the  equator,  and  the  earth  would  consist,  as  before,  of  a 
great  equatorial  ocean  separating  two  vast  polar  continents.  If  the 
ellipticity  were  greater  tlian  is  necessary  to  counteract  the  effect  of 
the  centrifugal  force,  then  gravity  would  prevail  over  the  centri- 
fugal force,  and  the  waters  would  flow  down  the  acclivities  of  the 
excessive  protuberance  towards  the  poles,  and  the  earth  would 
consist  of  a  vast  equatorial  continent  separating  two  polar  oceans. 

Since  the  geographical  condition  of  the  surface  of  the  earth  is 
not  consistent  with  either  of  these  consequences,  it  is  evident 
that  its  figure  must  be  an  oblate  spheroid,  having  an  ellipticity 
exactly  corresponding  to  the  variation  of  gravity  upon  it«  surface, 
due  to  the  combined  effect  of  the  attraction  exerted  by  its  consti- 
tuent parts  upon  bodies  placed  on  its  surface,  and  the  centrifugal 
force  arising  from  its  diurnal  rotation. 

It  remains,  therefore,  to  determine  what  this  particular  degree  of 
ellipticity  is,  or,  what  is  the  same,  to  determine  by  what  f^tion 
of  its  whole  length  the  equatorial  diameter  x  Q  exceeds  the  polar 
axis  NS. 

7 1 .  Slllptlcity  may  bo  calculated  and  measured,  and  tlie 
results  oompared. — The  degree  of  ellipticity  of  the  terrestrial 
spheroid  may  be  found  by  theory,  or  ascertained  by  observation 
and  measurement,  or  by  both  these  methods,  in  which  case  the  ac- 
cordance or  discrepancy  of  the  results  will  either  prove  the  validity 
of  the  reasoning  on  which  the  theoretical  calculation  is  founded,  or 
indicate  the  conditions  or  data  in  such  reasoning  which  must  be 
modified. 

Both  these  methods  have  accordingly  been  adopted,  and  their 
results  are  found  to  be  in  complete  harmony. 

72.  Blllpticity  calculated.  —  The  several  quantities  which  are 
involved  in  this  problem  are :  — 

1 .  The  ti  me  of  rotation = R . 

2.  The  fraction  of  its  whole  length  by  which  the  equatorial 

exceeds  the  polar  diameter  =<•. 

3.  The  fraction  of  its  whole  weight  by  which  the  weight  of  a 

body  at  the  pole  exceeds  the  weight  of  the  same  body  at 
the  equator  =  w. 

4.  The  mean  density  of  the  earth. 
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5.  The  law  according  to  which  the  density  of  the  strata  varies 
in  proceeding  from  the  surface  to  the  centre. 

All  these  quantities  have  such  a  mutual  dependence,  that  when 
some  of  them  are  given  or  known,  the  others  may  be  found. 

In  whatever  way  the  solution  of  the  problem  may  be  approached, 
it  is  evident  that  the  form  of  the  spheroid  must  be  the  same  as  it 
would  be  if  the  entire  mass  of  the  earth  were  fluid.  If  this  were 
not  so,  the  parts  actually  fluid  would  not  be  found,  as  they  are 
always,  in  local  equilibrium.  The  state  of  relative  density  of  the 
strata  proceeding  from  the  surface  to  the  centre  is,  however,  not  so 
evident  Newton  investigated  the  question  by  ascertaining  the 
form  which  the  earth  would  assume  if  it  consisted  of  fluid  matter 
of  uniform  density  from  the  surface  to  the  centre ;  and  the  resuh  of 
his  analysis  was  that,  in  that  case,  assuming' the  time  of  rotation  to 
be  what  it  is,  the  equatorial  diameter  must  exceed  the  polar  by  the 
230th  part  of  its  whole  length,  and  gravity  at  the  pole  must  exceed 
gravity  at  the  equator  by  the  same  fraction  of  its  entire  force. 

As  physical  science  progressed,  and  mathematical  analysis  was 
brought  to  a  greater  state  of  perfection,  the  same  problem  was 
investigated  by  Clairault  and  several  other  mathematicians,  under 
more  rigorous  conditions.  The  uniform  density  of  the  constituents 
of  the  earth — a  highly  improbable  supposition — was  put  aside, 
and  it  was  assumed  that  the  successive  strata  from  the  centre  to 
the  surface  decreased  in  density  according  to  some  undetermined 
conditions.  It  was  assumed  that  the  mutual  attraction  of  all  the 
constituent  parts  upon  any  one  part,  and  the  effect  of  the  centri- 
fugal force  arising  from  the  rotation,  are  in  equilibrium;  so  that 
every  particle  composing  the  spheroid,  fi^m  its  centre  to  its  surface, 
is  in  repose,  and  would  remain  so  were  it  ft«e  to  move. 

By  a  complicated  and  very  abstruse,  but  perfectly  clear  and  cer- 
tain mathematical  analysis,  it  has  been  proved  that  the  quantities 
above  mentioned  have  the  following  relation.  Let  r  express  a  cer- 
tain number,  the  amount  of  which  will  vary  with  R.  We  shall 
then  have 

Now  it  has  been  shown  that  when  r=23^  56™  4*'09,  the  number 
r  will  be  y^^,  so  that  in  effect 

,  I 

This  result  was  shown  to  be  true,  whatever  may  be  the  law  ac- 
cording to  which  the  density  of  the  strata  varies. 

It  further  results  from  these  theoretical  researches  that  the  mean 
density  of  the  entire  terrestrial  spheroid  is  about  twice  the  mean 
density  of  its  superficial  crust 
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It  follows  from  this  that  the  density  of  its  central  parts  must 
greatly  exceed  twice  the  density  of  its  ciiist. 

It  remains,  therefore,  to  see  how  far  these  results  of  theory 
are  in  accordance  with  those  of  actual  observation  and  measure- 
ment 

73.  miiptioity  of  terrestrial  splieroid  by  obserratioii  and 
measurement.  —  If  a  terrestrial  meridian  were  an  exact  circle,  as 
it  would  necessarily  be  if  the  earth  were  an  exact  globe,  every  part 
of  it  would  have  the  sam;e  curvature.  But  if  it  were  an  ellipse,  of 
which  the  polar  diameter  is  the  lesser  axis,  it  would  have  a  vary- 
ing curvatui-e,  the  convexity  being  greatest  at  the  equator,  and 
least  at  the  poles.  If,  then,  it  can  be  ascertained  by  observation, 
that  the  curvature  of  a  meridian  is  not  uniform,  but  that  on  the 
contrary  it  increases  in  going  towards  the  Line,  and  diminishes  in 
going  towards  the  poles,  we  shall  obtain  a  proof  that  its  form  is 
that  of  an  oblate  spheroid. 

To  comprehend  the  method  of  ascertaining  this,  it  must  be  con- 
sidered that  the  curvature  of  circles  diminishes  as  their  diameters 
are  augmented.  It  is  evident  that  a  circle  of  one  foot  in  diameter 
has  a  less  degree  of  curvature,  and  is  less  convex  than  a  circle  one 
inch  in  diameter.  But  an  arc  of  a  circle  of  a  given  angular  magni- 
tude, such  for  example  as  l°,  has  a  length  proportional  to  the  dia- 
meter. Thus,  an  arc  of  1°  of  a  circle  a  foot  in  diameter,  is  twelve 
times  the  length  of  an  arc  of  1°  of  a  circle  an  inch  in  diameter. 
The  curvature,  therefore,  increases  as  the  length  of  an  ai-c  of  1°  di- 
minishes. 

If,  therefore,  a  degree  of  the  meridian  be  observed,  and  measured, 
by  the  process  already  explained  (58),  at  different  latitudes,  and  it 
is  found  that  its  length  is  not  uniformly  the  same  as  it  would  be  if 
the  meridian  were  a  circle,  but  that  it  is  less  in  approaching  the 
equator,  and  greater  in  approaching  the  pole,  it  will  follow  that  the 
convexity  or  curvature  increases  towards  the  equator,  and  dimi- 
nishes towards  the  poles ;  and  that  consequently  the  meridian  has 
the  form,  not  of  a  circle,  but  of  an  ellipse,  the  lesser  axis  of  which  is 
the  polar  diameter. 

Such  observations  have  accordingly  been  made,  and  the  lengths 
of  a  degree  in  various  latitudes,  from  the  Line  to  66°  N.  and  to  35° 
S.,  have  been  measured,  and  foimd  to  vary  from  363,000  feet  on 
the  Line  to  367,000  feet  at  lat.  66". 

From  a  comparison  of  such  measurements,  it  has  been  ascertained 
that  the  equatorial  diameter  of  the  spheroid  exceeds  the  polar  by 
,^  of  its  length.     Thus  (72) 

__  J 
*"~3oo* 
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74.  Variatton  of  ^pnLvity  by  obsonratton. — The  maimer  in 
which  the  variation  of  the  intensity  of  superficial  gravity  at 
different  latitudes  is  ascertained  by  means  of  the  pendulum,  has 
been  explained  in  M.  505.  From  a  comparison  of  these  observa- 
tions it  has  been  ii!ferred  that  the  effective  weight  of  a  body  at  the 
pole  exceeds  its  weight  at  the  equator  by  about  the  xir^^  *  P<^  ^^ 
the  whole  weight 

75.  Aocordanee  of  tbese  results  witb  tbeorj. —  By  compar- 
ing these  residts  with  those  obtained  by  Newton,  on  the  supposi- 
tion of  the  uniform  density  of  the  eailh,  a  discrepancy  will  be 
foimd  suflBcient  to  prove  *the  falsehood  of  that  supposition.  The 
value  of  €  fo^nd  by  Newton  is  7^,  its  actual  value  being  ^j^,  and 
that  of  to  7^^,  its  actual  value  being  ^^y. 

On  the  other  hand,  the  accordance  of  these  results  of  observation 
and  measurement  with  the  more  rigorous  conclusions  of  later 
researches  is  complete  and  striking ;  for  instance,  if  in  the  relation 
between  e  and  w,  explained  in  (72),  we  substitute  for  w  the  value 
■j^Yf  determined  by  observation,  we  find  the  result  as  the  value  for 
Cy  which  id  obtained  by  computation  founded  on  measurement,  to  be 
also,  y^. 

76.  Aotnal  linear  dimensions  of  tbe  terrestrial  spberoid. — 
It  is  not  enough  to  know  the  proportions  of  the  earth.  It  is  re- 
quired to  determine  the  actual  dimensions  of  the  spheroid.  The 
foUoi^'ing  are  the  lengths  of  the  polar  and  equatorial  diameters, 
according  to  the  computations  of  the  most  eminent  and  recent 
authorities :  — 


Bc««i. 

Air,. 

Polar  diameter    .           -           -           - 
RqUMtnriat  dinmeter 
Absolute  diflerence        ... 
ExcPM  of  the  equatorial  expresjed  in  1 
a  fraction  of  its  entire  ieuKth          -  j 

7«99"4 

79i|6c4 

16490 

299191 

Mlk«. 
199HO 

The  close  coincidence  of  these  results  supplies  a  striking  example 
of  the  precision  to  which  such  calculations  have  been  brought. 

The  departure  of  the  terrestrial  spheroid  from  the  form  of  an  ex- 
act globe  is  so  inconsiderable  that,  if  an  exact  model  of  it  turned 
in  ivory  were  placed  before  us,  we  could  not,  either  by  sight  or 
touch,  distingubh  it  from  a  perfect  billiard  ball.  A  figure  of  a 
meridian  accurately  drawn  on  paper  could  only  be  distinguished 

*  Different  values  are  assigned  to  this  —  Sir  John  Herschel  prefers  U., 
the  AstroDomer  Royal  ^j^    We  have  taken  a  mean  between  these  estimates. 
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Fig.  21. 


from  a  ciide  "by  the  most  precise  measurement.  If  the  major  axis 
of  such  an  ellipse  were  equal  in  length  to  the  page  now  under  the 
eye  of  the  reader,  the  lesser  axis  would  fall  short  pf  the  same  length 
less  than  the  fortieth  of  an  inch. 

77.  Blmensions  of  the  splieroidal  equatorial  excess.  —  If 
a  sphere  vqsqhe  imagined  to  be  inscribed  within  the  terrestrial 
spheroid  having  the  polar  axis  N  8,Jiff.  22.,  for  its  diameter,  a  sphe- 
roidal shell  will  be   included 

between  its  surface  and  that  of 
the  spheroid  composed  of  the 
protuberant  matter,  having  a 
thickness  a  9  of  13  miles  at  the 
equator,  and  becoming  gradu- 
ally thinner  in  proceeding  to 
the  poles,  where  its  thickness 
vanishes.  This  shell,  which 
constitutes  the  equatorial  ex- 
cess of  the  spheroid,  and  which 

has  a  densi^  not  more  than  half  the  mean  density  of  the  earth,  the 
bulk  of  which,  moreover,  would  be  imperceptible  upon  a  mere 
inspection  of  the  spheroid,  is  nevertheless  attended  with  most 
important  effects,  and  by  its  gravitation  is  the  origin  of  most 
stnking  phenomena  not  only  in  relation  to  the  moon,  but  also  to 
the  far  more  distant  mass  of  the  sun. 

78.  Bensity  and  mass  of  tlie  eartli  by  obserratioii.  —  The 
magnitude  of  the  earth  being  known  with  great  precision,  the  de- 
termination of  its  mass  and  that  of  its  mean  density  become  one  and 
the  same  problem,  since  the  comparison  of  its  mass  with  its  magni- 
tude will  give  its  mean  denbity,  and  the  comparison  of  its  mean 
density  with  its  magnitude  will  give  its  mass. 

The  methods  of  ascertaining  the  mass  or  actual  quantity  of 
matter  contained  in  the  earth  are  all  based  upon  a  comparison  of 
the  gravitating  force  or  attraction  which  the  earth  exerts  upon  an 
object  with  the  attraction  which  some  other  body,  whose  mass  is 
exactly  known,  exerts  on  the  same  object.  It  is  assumed,  as  a 
postulate  or  axiom  in  physics,  that  two  masses  of  matter  which  at 
equal  distances  exert  equal  attractions  on  the  same  body  must  be 
equal.  But  as  it  is  not  always  possible  to  bring  the  attracting 
and  attracted  bodies  to  equal  distances,  their  attractions  at  unequal 
distances  may  be  observed,  and  the  attractions  which  they  would 
exert  at  equal  distances  may  be  thence  inferred  by  the  general  law 
of  gravitation,  by  which  the  attraction  exerted  by  the  same  body 
increases  as  the  square  of  the  distance  from  it  is  diminished. 

79.  Hr.  Maskelyne^s  solntioii  by  tlie  attraction  of  Schebal- 
u — This  celebrated  problem  consisted  in  determining  the  ratio 


6o 


ASTRONOMY. 


of  the  mean  density  of  a  mountain  called  Schehallien;  in  Perthshire, 
to  that  of  the  earth,  by  ascertaining  the  amount  of  the  deviation  of 
a  plumb-line  from  the  direction  of  the  true  vertical  produced  by 
the  local  attraction  of  the  mountain. 
To  render  this  method  practicable,  it  is  necessary  that  the  moun- 


tain selected  be  a  solitary  one,  standing  on  an  extensive  plain,  since 
otherwise  the  deviation  of  the  plumb-line  woidd  be  affected  by 
neighbouring  eminences  to  an  extent  which  it  might  not  be  possible 
to  estimate  with  the  necessary  precision.  It  was  considered  by 
Dr.  Maskelyne  that  no  eminence  sufficiently  considerable  exists 
near  enough  to  Schchallien  to  produce  such  disturbance. 

The  accuracy  of  this  inference  is  however  rather  doubtful.  Mr. 
Airy,  who  has  personally  examined  the  mountain,  says :  "  The 
inovmtain  is  nearly  surrounded  by  other  mountains,  of  which  one  is 
much  higher  than  itself;  the  geology  also  of  the  country  is  compli- 
cated." The  exact  disturbance  due  to  the  attraction  of  the  moun- 
tain would  for  these  reasons  be  extremely  difficult  to  discover. 
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The  mountun  ranging  east  and  west,  two  stations  were  selected 
on  its  northern  and  southern  accliTities,  so  as  to  be  in  the  same 
meridian,  or  veiy  nearly  so.  A  plumb-line,  attached  to  an  instrument 
called  a  zenith  sector,  adapted  to  measure  with  extreme  accuracy 
small  zenith  distances,  was  brought  to  each  of  these  stations,  and 
the  distance  of  the  same  star,  seen  upon  the  meridian  from  the 
directions  of  the  plumb-line,  were  observed  at  both  places. 

The  difference  between  those  distances  gave  the  angle  under  the 
two  directions  of  the  plumb-line.  This  will  be  more  clearly  under- 
stood by  reference  to^.  23,  where  p  and  p'  represent  the  points 
of  suspension  of  the  t^'o  plumb-lines.  If  the  mountain  were  re- 
moved, they  would  hang  in  the  directions  p  0  and  p'  c  of  the  earth's 
centre,  and  their  directions  would  be  inclined  at  the  angle  p  c  p^. 
But  the  attraction  exerted  by  the  inteijacent  mass  produces  on 
each  side  a  slight  deflection  towards  the  mountain,  so  that  the  two 
directions  of  the  plumb-line,  instead  of  converging  to  the  centre  of 
the  earth  c,  converge  to  a  point  c  nearer  to  the  surface,  and  form 
with  each  ether  an  angle  p  c  p^  greater  than  p  c  p'  by  the  sum  of 
the  two  deflections  c  p  c  and  c  p'  c. 

Now  by  means  of  the  zenith  sector  the  distances  s  z  and  s  z'  of 
the  points  z  and  if  from  any  star  such  as  s,  can  be  observed  with 
a  precision  so  extreme  as  not  to  be  subject  to  a  greater  error  than 
a  small  fraction  of  a  second.  The  difference  of  these  distances 
will  be  — 

8  z'  —  8  z  =z  z', 

the  apparent  distance  between  the  two  points  z  and  z'  on  the 
heavens  to  which  the  plumb-line  points  at  the  two  stations.  This 
distance  expressed  in  seconds  gives  the  magnitude  of  the  angle 
p  cp'  formed  by  the  directions  of  the  plumb-line  at  the  two  stations, 
which  is  the  sum  of  the  deflection  produced  by  the  local  attraction 
of  the  mountain. 

K  the  mountain  were  not  present,  the  angle  pop'  coidd  be 
ascertained  by  the  zenith  sector ;  but  as  the  indications  of  that 
instrument  have  reference  to  the  direction  of  the  plumb-line,  it  is 
rendered  inapplicable  in  consequence  of  the  disturbing  effect  of  the 
mountain. 

To  determine  the  magnitude  of  the  angle  p  c  p',  therefore,  the 
direct  distance  between  the  stations  p  and  p'  is  ascei-tained  by 
making  a  survey  of  the  mountain  which,  as  will  presently  appear, 
is  also  necessarj',  in  order  to  determine  its  exact  volume.  For 
every  hundred  feet  in  the  distance  between  p  and  p'  there  will  be 
\''  in  the  angle  pop'  (60).  Findinp,  therefore,  the  direct  distance 
between  P  and  p'  in  feet,  and  dividing  it  by  1 00,  we  shall  have 
the  angle  p  c  P'  in  seconds. 
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In  the  case  of  the  experiment  of  Dr.  Maskelyne,  which  was  made 
in  1774)  ^®  angle  pop' was  found  to  he  j{.i",  and  the  angle 
p  c  p'  53''.    The  sum  of  the  two  deflections  was  therefore  1 2" . 

The  survey  of  the  mountain  supplied  the  data  necessary  to  de- 
termine its  actual  volume  in  cuhic  miles,  or  fraction  of  a  cuhic  mile. 
An  elahorate  examination  of  its  stratification^  hy  means  of  sections, 


'/ 
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boringB,  and  the  other  usual  methods,  supplied  the  data  necessary 
to  determine  the  weights  of  its  component  parts,  and  thence  the 
weight  of  its  entire  volume ;  and  the  comparison  of  this  weight 
with  its  volume  gave  its  mean  density. 
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The  mean  density  of  the  earth  resulting  from  this  experiment  is 
about  five  times  that  of  water. 

80.  CaTendUli's  solatton.  —  At  a  later  period  Cavendish  made 
the  experiment  which  bears  his  name,  in  which  the  attraction 
exerted  by  the  earth  upon  a  body  on  its  surface  was  compared  with 
the  attraction  exerted  by  a  large  metallic  ball  on  the  same  body ; 
and  this  experiment  was  repeated  still  more  recently  by  Dr.  Keich; 
and  by  the  late  Mr.  Francis  Baily,  as  the  active  member  of  a  com- 
mittee of  the  lioyal  Astronomical  Society  of  London.  All  these 
several  experimenters  proceeded  by  methods  which  differed  only  in 
some  of  their  practical  details,  and  in  the  conditions  and  precautions 
adopted  to  obtain  more  accurate  results. 

In  the  apparatus  used  by  Mr.  Baily,  the  latest  of  them,  the 
attracting  bodies  with  which  the  globe  of  the  earth  was  compared 
were  two  balls  of  lead,  each  a  foot  in  diameter.  The  bodies  upon 
which  their  attraction  was  manifested  were  small  balls,  about  two 
inches  in  diameter.  The  former  were  supported  on  the  ends  of  an 
oblong  horizontal  stage,  capable  of  being  turned  round  a  vertical 
axis  supporting  the  stage  at  a  point  midway  between  them.  Let 
fig,  24  represent  a  pLm  of  the  apparatus.  The  large  metallic  balls 
B  and  B^  are  supported  upon  a  rectangular  stage  represented  by  the 
dotted  lines,  and  so  mounted  as  to  be  capable  of  being  turned  rovmd 
its  centre  C  in  its  own  phme.  Two  small  balls  a  a',  about  two 
inches  in  diameter,  are  attached  to  the  ends  of  a  rod,  so  that  the 
distance  between  their  centres  shall  be  nearly  equal  to  b  b'.  This 
rod  is  supported  at  c  by  two  tine  wires  at  a  very  small  distance 
asunder,  so  that  the  balls  will  be  in  repose  when  the  rod  a  a'  is  di- 
rected in  the  plane  of  the  wires,  and  can  only  be  turned  from  that  plane 
by  the  action  of  a  small  and  definite  force,  the  intensity  of  which  can 
always  be  ascertained  by  the  angle  of  deflection  of  the  rod  aa\  The 
exact  direction  of  the  rod  a  a'  is  observed,  without  approaching  the 
apparatus,  by  means  of  two  small  telescopes  T  and  t',  and  the  extent  of 
its  departure  from  its  position  of  equilibrium  may  be  measured  with 
great  precision  by  micrometers. 

In  the  performance  of  the  experiment  a  multitude  of  precautions 
were  taken  to  remove  or  obviate  various  causes  of  disturbance,  «uch 
lis  currents  of  air,  which  might  arise  from  unequal  changes  of  tem- 
perature which  need  not  be  de.scribfKi  here. 

The  large  balls  being  fii-ut  placed  at  a  distance  from  the  small 
ones,  the  direction  of  the  rod  in  its  position  of  equilibrium  was 
observed  with  the  teles<-ope3  t  t'.  The  stag^e  supporting  the  large 
balls  was  then  turned  until  they  w<.'re  broujjrht  near  the  small  ones, 
as  represented  at  B  b'.  It  was  then  ohs»Tved  that  the  small  balls 
were  attracted  by  the  lar^^.  ones,  and  the  amount  of  the  deflection 
of  the  rod  a  cf  was  ob3er\ed. 
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The  frame  supporting  the  laige  ball  a  was  then  turned  until  b 
was  brought  to  b,  and  b'  to  6',  so  as  to  attract  the  small  balls  on  the 
other  side,  and  the  deflection  of  a  a!  was  again  observed.  In  each 
case  the  amount  of  the  deflection  being  exactly  ascertained,  the 
intensity  of  the  deflecting  force,  and  its  ratio  to  the  weight  of  the 
baJls,  became  known. 

The  properties  of  the  pendulum  supplied  a  veiy  simple  and  exact 
means  of  comparing  the  attraction  of  the  balls  b  and  b'  with  the 
attraction  of  the  earth.  The  balls  a  a^  were  made  to  vibrate  through 
a  small  arc  on  each  side  of  the  position  which  the  attraction  gave 
them,  and  the  rate  of  their  vibration  was  observed  and  compared 
with  the  rate  of  vibration  of  a  common  pendulum.  The  relative 
intensity  of  the  two  attractions  was  computed  from  a  comparison 
of  these  rates  by  the  principles  established  in  (M.  505).  The  pre- 
cision of  which  this  process  of  observation  is  susceptible  may  be 
inferred  from  the  fact  that  the  whole  attraction  of  the  balls  B  b' 
upon  a  a'  did  not  amount  to  the  zo-millionth  part  of  the  weight  of 
the  balls  a  cK,  and  that  the  possible  error  of  the  result  did  not  exceed 
2  per  cent,  of  its  whole  amount. 

The  attraction  which  the  balls  B  b'  would  exert  on  a  of,  on  the 
supposition  that  the  mean  density  of  the  earth  is  equal  to  that  of 
the  metallic  balls  B  b',  was  then  computed  and  found  to  be  less  than 
the  actual  attraction  observed,  and  it  was  inferred  that  the  density 
of  the  earth  was  less  than  that  of  the  balls  b  b'  in  the  same  ratio. 

The  result  of  this  experiment  as  determined  by  Mr.  Baily  gave 
the  mean  density  of  the  earth  5-67  times  greater  than  that  of 
water. 

The  apparatus  for  determining  by  immediate  observation  the 
mean  density  of  the  earth,  will  be  more  easily  understood  by  refer- 
ence to  Jigs.  25,  26,  and  27,  ojssisted  by  the  following  explanation. 

In  Jig.  25,  tlie  two  great  balls  w  w  are  presented  obliquely  and 
foreshortened,  their  true  position  being  represented  in  the  ground 
plan^.  26.  The  small  balls  a  (^ Jig.  24  correspond  with  x  xjig.  2  5, 
and  the  rod  connecting  them  with  h  h.  The  two  small  leaden 
balls  X  X  are  suspended  to  the  extremities  of  the  horizontal 
rod  h  h,  supported  at  its  middle  point  by  a  vertical  metallic 
wire  /  g  m.  The  two  wires  g  h  are  arranged,  connecting  the  ex- 
tremities of  A  A  with  the  point  //,  to  prevent  the  flexure  of  the 
rod  A  A  by  the  weight  of  the  balls  x  x.  The  suspending  wire 
I  g  tn,  the  oblique  wires  g  A,  the  rod  A  A,  and  the  balls  x  x 
are  enclosed  in  a  lightly  constructed  case,  a  b  c  n  e  f,  to  prevent  the 
least  effect  of  the  agitation  of  the  surrounding  air.  This  box  is 
sustained  by  four  vertical  supports,  two  of  which  are  represented 
in  8.  The  two  great  balls  w  w  are  suspended  by  two  vertical  rods 
connected  above  by  the  piece  r  p  r,  which  is  terminated  at  p  by  the 
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rod  P  py  which  traverses  a  fixed  beam.  A  pulley  M  M  is  fixed  upon 
the  rod  p  p,  by  which  the  whole  apparatus  supporting  the  balls  w  w 
can  be  turned  round  the  vertical  axis. 

Let  us  now  suppose  the  balls  w  w  to  be  placed  in  the  vertical 
plane  at  right  angles  to  the  rod  h  h.  In  that  position,  their  attrac- 
tions upon  the  balls  .r  Xy  being  equal  and  contrary,  will  equilibrate. 


Fig.  Z5. 

and  the  balls  x  x  will  remain  undisturbed.  If  we  bring  the  two 
large  balls  w  w  into  the  position  represented  in^.  26.,  they  will 
attract  the  small  balls  x  x,  and  will  make  the  lever  h  h  turn  upon 
its  vertical  axis,  in  con.sequence  of  which,  a  slight  degree  of  torsion 
will  be  given  to  the  wire  /  g^  which  torsion  will  balance  the  effect  of 
the  attraction  of  the  balls  w  w.  If  the  balls  w  w  are  turned  to  the 
position  w  w  indicated  by  the  dotted  lines,  the  small  balls  x  x  will 
be  again  attracted,  but  in  contrary  directions,  and  with  equal  forces. 

n 
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It  is  evident  that  the  total  angle  of  torsion  through  which  the 
wire  g  I  will  be  turned  by  the  rod  A  A  in  the  two  cases,  will  repre- 


Fig.  z6. 


sent  twice  the  attractive  force  of  the  balls  in  this  case,  so  that  half 
the  angle  of  torsion  will  express  the  actual  attraction  of  the  great 


Fi«.  vj. 

balls  in  each  of  the  two  positions.  By  comparing  the  force  of  at- 
traction with  the  actual  weight  of  the  small  balls  .r,  taking  account 
of  the  ratio  between  the  distances  of  the  centres  of  the  small  and 
great  balls  and  the  radius  of  the  earth,  we  have  all  the  data  neces- 
sary to  compare  the  attraction  of  the  whole  mass  of  the  earth  upon 
the  small  balls,  with  the  attraction  of  the  mass  w  upon  them. 

The  actual  value  of  force  exerted  by  the  toreion  of  the  wire  /  g  is 
determined  by  turning  the  balls  .r  x  from  their  position  of  equili- 
brium,  and  allowing  them  to  vibrate  to  the  right  and  left  alter- 
nately of  the  position  of  equilibrium.  The  time  of  vibration  will 
in  that  case  determine  the  force  of  torsion,  upon  the  same  principle 
as  the  time  of  vibration  of  a  common  pendulum  determines  the 
force  of  gravity. 

The  manner  in  which  Cavendish  disposed  his  apparatus  in  an  in- 
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dosed  chamber,  so  as  to  remove  it  from  all  disturbing  causes  arisiug 
from  the  agitation  of  the  surrounding  air,  is  represented  in  fig,  27. 
The  deviation  of  the  lever  h  hy  whether  produced  by  the  attraction  of 
the  great  balls  or  by  the  oscillation  of  the  small  ones,  on  either  side 
of  the  position  of  equilibrium,  was  observed  by  the  two  telescopes 
T  T  directed  towards  the  extremities  of  the  lever  h  h.  Two  small 
divided  rules  n  n  were  adapted  to  the  extremities  of  the  lever  h  h, 
and  moved  with  it  behind  two  small  openings  through  which  they 
were  visible  by  the  telescopes  T  T.  The  lamps  L  L  projected  light 
by  reflectors  upon  these  two  small  rules  n  n,  A.  horizontal  rod, 
terminated  by  a  button  K,  communicated  by  its  inner  extremity 
with  the  support  of  the  vertical  wire  I  g,  by  making  the  button  k 
turn  this  support  round  its  vertical  axis.  In  this  way,  the  rod  h  h 
would  always  be  adjusted  to  the  position  which  it  ought  to  have, 
when  the  vertical  wire  /  g  suffered  no  torsion.  I^lnally,  a  cord 
passed  through  the  groove  of  a  pulley  m  m,  fig.  25.  fixed  horizon- 
tally above  the  piece  P  r.  The  two  cords  proceeding  from  this 
issued  from  the  chamber  by  two  lateral  openings,  passed  each  other 
in  the  groove  of  a  vertical  pulley  y,  and  supported  weights  destined 
to  give  them  the  necessary  tension.  It  was  sufficient  to  draw  one 
of  these  two  cords  to  turn  the  pulley  M  M,  drawing  with  it  the  two 
large  balls  w  w,  so  as  to  place  these  two  balls  in  any  desired  posi- 
tion with  relation  to  the  apparatus. 

8 1 .  Tlie  Barton  pendulum  experiments. —  The  lost  determi- 
nation of  the  mean  density  of  the  earth  which  it  is  necessary  to 
mention,  is  that  resulting  from  the  experiments  undertaken  by  the 
Astronomer  Royal,  Mr.  Airy,  at  the  Harton  Colliery,  near  South 
Shields,  in  the  month  of  October,  1 854.  It  would  be  out  of  place 
here,  however,  to  give  a  lengrthened  detail  of  the  various  methods 
adopted  in  carrying  out  this  important  experiment,  a  general  and 
concise  outline  only  must  therefore  suffice. 

The  obserA'ations  atthe  mine  consisted  of  accurately  noting  simul- 
taneously at  two  stations,  the  vibrations  of  an  invariable  pendulum 
in  comparison  with  the  vibrations  of  a  clock  pendulum  placed  im- 
mediately behind,  one  station  being  on  the  surface  in  a  building 
prepared  for  the  occasion,  and  the  other  almost  vertically  below,  at 
a  depth  of  about  1 260  feet,  the  object  beinj^  to  ascertain  the  differ- 
ence of  the  force  of  gravity  acting  on  the  two  detached  pendulums. 

For  this  purpose,  the  detached  pendulum  was  suspended  on  a 
firm  iron  stand,  by  means  of  a  projecting  piece  of  hard  steel,  one 
edge  of  which  is  ground  to  a  knife-edge,  resting  on  planes  of 
polished  agate.  Friction  is  thus  nearly,  if  not  altogether,  avoided. 
Behind  the  pendulum  the  clock  was  placed.  A  small  inclined  disk 
covered  with  gold  leaf,  nnd  illuminated  by  a  lamp,  was  fixed  to 
the  bob  of  the  clock  pendulum.     This  disk  was  viewed  at  a  ahotl 
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distance  by  means  of  a  telescope.  Inunediatelj  in  front  of  the 
disk  a  long  narrow  tail  projecting  from  the  bob  of  the  detached 
pendulum  was  suspended,  the  disk  being  invisible  when  both 
pendulums  were  in  a  vertical  position.  If  the  clock  pendulum 
were  made  to  vibrate  while  the  detached  pendulum  was  at  rest,  its 
disk  woidd  be  seen  on  both  sides  of  the  pendulum  tail.  A  pair  of 
cheeks  was  attached  to  the  clock-case  between  the  two  pendulums, 
having  an  opening  between  them  which  admitted  of  adjustment. 
^Vhen  the  detached  pendulum  was  still  at  rest,  the  cheeks  were 
moved  towards  the  centre  till  the  vibrating  disk  could  not  be  seen 
past  the  edges  of  the  pendulum  tail;  when  this  was  done  satis- 
factorilj  the  apparatus  was  ready  for  use.  Supposing  the  two 
pendulimis  are  both  vibrating;  if  thej  do  not  pass  the  vertical 
positions  at  the  same  time,  the  pendulum  tail  does  not  cover  the 
opening  between  the  adjustable  cheeks  at  the  instant  when  the 
disk  is  passing,  which  is  therefore  visible  to  the  observer.  When 
they  pass  together  the  disk  cannot  be  seen,  the  two  pendulums  being 
in  coincidence.  The  exact  times  of  successive  coincidences  were 
observed,  from  which  could  easily  be  inferred  the  rate  of  one  pendu- 
lum over  the  other.  These  observations  were  made  simultaneously 
at  the  upper  and  lower  stations  on  precisely  the  same  system. 
Having  thus  obtained  the  rate  of  each  detached  pendulum  in 
comparison  with  its  own  clock,  it  was  necessary  that  the  compara- 
tive rates  of  the  two  clocks  should  be  determined  with  the  greatest 
accuracy.  This  was  effected  by  means  of  galvanic  signals,  a  com- 
munication being  made  between  the  two  stations  by  wires  passing 
down  the  shaft.  A  galvanic  needle  was  placed  near  each  clock- 
face,  so  that  each  signal  was  observed  at  the  same  instant  by  the 
two  observers.  From  these  comparisons  the  rate  of  one  clock  over 
the  other  was  easily  founds  and  also  the  comparative  rate  of  the 
two  detached  pendulums. 

The  observations  were  completed  in  three  weeks,  the  detached 
pendulums  being  reversed  in  the  second  week  ;  in  the  third,  the 
pendulums  were  interchanged  at  the  commencement,  and  in  the 
middle  of  the  week,  forming  four  complete  series  of  observations. 
To  eliminate  any  liability  of  en*or  which  might  arise  if  no  inter- 
change took  place,  the  detached  pendulums  were,  therefore,  alter- 
nately mounted  at  the  upper  and  lower  stations.  Six  observers 
from  different  observatories,  under  the  superintendance  of  Mr. 
Dunkin,  of  the  Royal  Observatory,  gave  their  pei*sonal  assistance. 

A  careful  survey  of  the  neighbouring  coimtiy  was  made,  as  well 
as  of  the  different  itrata  which  composed  the  shell  between  the  two 
stations.  One  hundred  and  forty-two  different  specimens  were 
foimd,  and  the  specific  gravity  of  the  principal  determined. 

The  result  of  the  experiment  gave  657  for  the  value  of  the  mean 
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density  of  the  earth  above  that  of  water.  This  result  is  much 
larger  than  those  obtained  from  former  researches,  but  the  Astro- 
nomer Royal  considers  it  entitled  to  compete  with  the  others  on,  at 
least,  equal  terms. 


CHAPTER  V 

APPARENT  FORM  AND  MOTION  OF  THE   FIRMAMENT. 

82.  Aspeet  of  the  llrmament.  —  If  we  examine  the  heavens 
with  attention  on  clear  starlight  nights,  we  shall  soon  be  struck 
with  the  fact,  that  the  brilliant  objects  scattered  over  them  in  such 
incalculable  nunibers  maintain  constantly  the  same  relative  posi- 
tion and  arrangement.  Every  eye  is  familiar  with  certain  groups 
of  stars  called  constellations.  These  are  never  observed  to  change 
their  relative  position.  A  diagram  representing  them  now  would 
equally  represent  them  at  any  future  time ;  and  if  a  general  map  be 
made,  showing  the  relative  aiTangement  of  these  bodies  on  any 
night,  the  same  map  will  represent  them  with  equal  exactness  and 
fidelity  on  any  other  night.  There  are  a  few,  among  many  thou- 
sands, which  are  exceptions  to  this,  with  which,  however,  for  the 
present  we  need  not  concern  oiirselvft«. 

83.  Tlie  celestial  lieinlspliere.  —  The  impression  produced 
upon  the  sight  by  these  objects  is  that  they  are  at  a  vast  distance, 
but  all  at  the  same  distance.  They  seem  as  though  they  were  at- 
tached in  fixed  and  unalterable  positions  upon  the  surface  of  a  vast 
hemisphere,  of  which  the  place  of  the  observer  is  the  centre.  Setting 
aside  the  accidental  inequalities  of  the  g^'ound,  the  observer  seems 
to  stand  in  the  centre  of  a  vast  circular  plane,  which  is  the  base  of 
this  celestial  hemisphere. 

84.  Horizon  and  zenltlu- — This  plane,  extended  indefinitely 
around  the  observer,  meets  the  celestial  hemisphere  in  a  circle 
which  is  called  the  Horizon,  from  the  Greek  word  opi^Hv  (orizein), 
to  ternn'naU  or  bound,  being  the  boundary  or  limit  of  the  visible 
heavens. 

The  centre  point  of  the  visible  hemisphere  —  that  point  which 
is  perpendicularly  above  the  observer,  and  to  which  a  plumb-line 
suspended  ut  rest  would  be  directed  —  is  called  the  Zenith. 

85.  Apparent  rotation  of  tlie  firmament.  —  A  few  hours'  at- 
tentive contemplation  of  the  firmament  at  night  will  enable  any 
common  observer  to  perceive,  that  although  the  stars  are,  relatively 
to  each  other,  fixed,  the  ]:ftmisphere,  as  a  whole y  is  in  motion. 
Looking  at  the  zenith,  constellation  after  constellation  will  appear 
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to  pass,  across  it,  having  risen  in  an  oblique  direction  from  the 
horizon  at  one  side^  and,  after  passing  the  zenith,  descending  on 
the  other  side  to  the  horizon,  in  a  direction  similarly  oblique. 
Still  more  cai-eful  and  longer  continued  observation,  and  a  com- 
parison, so  far  as  can  be  made  by  the  eye,  of  the  different  directions 
successively  assumed  by  the  same  object,  creates  a  suspicion,  which 
every  additional  observation  strengthens,  that  the  celestial  vault 
has  a  motion  of  slow  and  uniform  rotation  round  a  certain  diameter 
as  an  axis^  carrying  with  it  all  the  objects  visible  upon  it,  without 
in  the  least  deranging  their  relative  positions  or  disturbing  their 
arrangement. 

Such  an  impression,  if  well  founded,  woidd  involve,  as  a  neces- 
sary consequence,  that  a  certain  point  in  the  heavens  placed  at  the 
extremity  of  the  axis  of  its  rotation,  woidd  be  fixed,  and  that  all 
other  points  woidd  appear  to  be  carried  around  it  in  circles ;  each 
such  point  preserving  therefore,  constantly,  the  same  distance  from 
the  point  thus  fixed. 

86.  The  pole  star.  —  To  verify  this  inference,  we  must  look  for 
a  star  which  is  not  affected  by  the  apparent  rotation  of  the  heavens, 
which  affects  more  or  less  every  other  star. 

Such  a  star  is  accordingly  found,  which  is  always  seen  in  the 
same  direction,  —  so  far  at  least  as  the  eye,  unaided  by  more  accu- 
rate means  of  observation,  can  detei-mine. 

The  place  of  this  star  is  called  the  Pole,  and  the  star  is  called 
the  Pole  stae. 

87.  Rotation  proved  by  Instnunental  obserratloii.  —  Mere 
visual  observation,  however,  can  at  most  only  supply  grounds  for 
probable  conjecture,  either  as  to  the  rotation  of  the  sphere,  or  the 
position  of  its  pole,  if  such  rotation  take  place.  To  verify  this  con- 
jecture, to  determine  with  certainty  whether  the  motion  of  the 
sphere  be  one  of  rotation,  and  if  so,  to  asceitain  with  precision  the 
direction  of  the  axis  round  which  this  rotation  takes  place,  its 
velocity,  and,  in  fine,  whether  it  be  uniform  or  variable,  —  are 
problems  of  the  highest  importance,  but  which  are  altogether 
beyond  the  powers  of  mere  visual  observation  unaided  by  instru- 
ments of  precision. 

88.  Szaet  direction  of  tlie  axis  and  position  of  tlie  pole. — 
Suppose  a  telescope  of  low  magnifying  power,  supplied  with  micro- 
metric  wires  (i  1),  to  be  directed  to  the  pole  star,  so  that  the  star 
may  be  seen  exactly  upon  the  intersection  of  the  horizontal  and 
vertical  wires.  If  this  star  were  precisely  at  the  extremity  of  the 
axis  of  the  hemisphere,  or  at  the  pole,  it  would  remain  permanently 
in  this  position  notwithstanding  the  rotation  of  the  firmament 
Such  is  not,  however,  found  to  be  the  case.    The  star  will  appeal 
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to  move;  but  if  the  magnifying  power  of  the  telescope  be  low 
enough  it  will  not  leave  the  field  of  view.  It  will  appear  to  move 
in  a  small  circle,  the  diameter  of  which  is  about  3°.  The  telescope 
may  be  so  adjusted  that  the  star  will  move  in  a  circle  round  the 
intersection  of  the  wii*es  as  a  centre,  which  would  be  the  true  posi- 
tion of  the  Pole,  round  which  the  pole  star  is  carried  in  a  circle,  at 
the  distance  of  about  i^%  by  the  rotation  of  the  sphere. 

89.  Rotation  of  llrmament  proved  by  equatorial.  — Now, 
to  establish^  by  means  of  the  equatorial,  the  fact  that  the  firma- 
ment really  has  a  motion  of  apparent  rotation  with  a  velocity 
rigorously  uniform  round  the  axis,  let  the  telescope  be  first  directed 
to  any  star,  o<tfig,  1 3,  for  example,  so  that  it  shall  be  seen  bisected 
by  the  middle  wire.  The  line  of  collimation  will  then  be  directed 
to  the  star,  and  the  angle  ocn'  or  the  arc  on'  will  express  the 
apparent  distance  of  such  a  star  from  the  pole  p. 

Let  the  instrument  be  then  turned  upon  its  axis  from  east  to 
west  (that  is,  in  the  same  direction  as  the  rotation  of  the  firma- 
ment), through  any  proposed  angle,  say  90°,  and  let  it  be  fixed  in 
that  position.  The  firmament  will  follow  it,  and  after  a  certain 
interval  the  same  star  will  be  seen  again  bisected  by  the  middle 
wire ;  and  in  the  same  manner,  whatever  be  the  change  of  position 
of  the  instrument  upon  its  axis,  provided  the  direction  of  the  tele- 
scope upon  the  arc  0  's',Jig,  1 3,  be  not  changed,  the  star  will  always 
arrive,  after  an  interval  more  or  less,  according  to  the  angle  through 
which  this  instrument  has  been  turned,  upon  the  middle  wire. 

It  follows,  therefore,  from  this,  that  the  particular  star  here 
obsen*ed  is  carried  in  a  circle  round  the  heavens,  always  at  the 
same  distance,  o jj,  from  the  celestial  pole. 

The  same  observations  being  made  with  a  like  result  upon  every 
star  to  which  the  telescope  is  directed,  it  follows  that  the  motion 
of  the  tinnamcntis  such  that  all  objects  upon  it  describe  circles  at 
right  anjrles  to  its  axis,  each  object  always  remaining  at  the  same 
distance  from  the  pole. 

This  is  precisely  the  effect  which  would  be  produced  by  the  ro- 
tation of  the  heavens  round  an  axis  directed  to  the  pole  from  the 
place  of  the  observer. 

But  it  remains  to  ascertain  the  time  of  rotation,  and  whether  the 
rotation  be  imiform. 

If  the  telescope  be  directed  as  before  to  any  star,  so  that  it  shall 
be  seen  on  the  middle  wire,  let  the  instrument  be  then  fixed,  being 
detached  from  the  clock-work,  and  let  the  exact  time  be  noted. 
On  the  following  night,  at  the  approach  of  the  same  hour,  the  same 
star  will  be  seen  approaching  to  the  same  position,  and  it  will  at 
length  arrive  again  upon  the  wire.  The  time  being  again  exactly 
observed,  it  will  be  found  that  the  interval  of  solar  time  which 
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has  elapsed  between  the  two  successive  passages  of  the  star  over  the 
wire  is 

23**  56'»  4"09. 

Such  is,  therefore,  the  solar  time  in  which  the  celestial  sphere 
makes  one  complete  revolution,  and  this  time  will  be  always  foimd 
to  be  the  same,  whatever  be  the  star  to  which  the  telescope  is 
directed. 

To  prove  that  not  only  every  complete  revolution  is  performed  in 
the  same  time,  but  that  the  rotation  during  the  same  revolution  is 
imiform,  let  the  instrument,  after  being  directed  to  any  star,  be 
turned  in  the  direction  of  the  motion  of  the  sphere  through  any 
proposed  angle,  90°  for  example.  It  will  be  found  that  the  inter- 
val which  will  elapse  between  the  passage  of  the  star  over  the 
wires  in  the  two  positions  will,  in  this  case,  be  the  fourth  part  of 
2^h  ^501  ^»  .Qg.  ^jj^^  ijj  general,  whatever  be  the  angle  through 
which  the  instrument  may  be  turned,  the  interval  between  the  pas- 
sages of  the  same  star  over  the  wires  in  the  two  positions  will  bear 
the  same  proportion  to  23''  56™  4'  09,  as  the  angle  bears  to  360®. 

It  follows,  therefore,  that  the  apparent  rotation  of  the  heavens 
is  rigorously  uniform. 

It  will  be  observed  that  the  time  of  one  complete  revolution  is 
3"  55*'9I  less  than  twenty-four  hours,  or  a  common  day.  The 
cause  of  this  difference  will  be  explained  hereafter. 

90.  Sidereal  time. — The  time  of  one  complete  revolution  of  the 
firmament  is  called  a  sidereal  day.  This  interval  is  divided, 
like  a  common  day,  into  24  hours,  each  hour  into  60  minutes,  and 
each  minute  into  60  seconds. 

Since  in  24  sidereal  hours  the  sphere  turns  through  360°,  and 
since  its  motion  is  rigorously  uniform,  it  turns  through  1 5°  in  a 
sidereal  hour,  and  through  1°  in  four  sidereal  minutes. 

9 1 .  The  same  apparent  motion  observed  by  day.  —  It  may 
be  objected  that  although  this  description  of  the  movement  of  the 
heavens  accords  with  the  appearances  during  the  night,  there  is  no 
evidence  of  the  continuance  of  the  same  rotation  during  the  day, 
since  in  a  cloudless  firmament  no  object  is  visible  except  the  smi, 
which  being  alone  cannot  manifest  the  same  community  of  motion 
as  is  exhibited  by  the  midtitudinous  objects  which,  being  crowded 
so  thickly  on  the  firmament  at  night,  move  together  without  any 
change  in  their  apparent  relative  position.  To  this  objection  it 
may  be  answered  that  the  moon  is  occasionally  seen  in  the  day-time 
as  well  as  the  sun  ;  and,  moreover,  that  before  sunset  and  after  sun- 
rise the  planets  Jupiter  and  Venus  ai-e  occasionally  seen  under 
favourable  atmospheric  circumstances.  Besides,  with  telescopes  of 
sufficient  power  properly  directed,  all  the  brighter  stars  can  be  dis- 
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tinctly  seen  when  not  situated  veiy  near  the  position  of  the  sun. 
Now,  in  all  these  cases,  the  objects  thus  seen  appear  to  be  carried 
round  by  the  same  motion  of  the  firmament,  which  is  so  much  more 
conspicuously  manifested  in  the  absence  of  the  sun  and  at  night 

92.  Certain  fixed  points  and  oirolea  neoeaeary  to  ezproM 
tHe  position  of  objeota  on  the  lieaTona. — It  will  greatly  con- 
tribute to  the  facility  and  clearness  with  which  the  celestial  pheno- 
mena and  their  causes  shall  be  understood  if  the  student  will  impress 
upon  his  memory  the  names  and  positions  of  certain  fixed  points^ 
lines^  and  circles  of  the  celestial  sphere,  by  reference  to  which  the 
position  of  objects  upon  it  are  expressed.  Without  incumbering 
him  with  a  more  complex  nomenclature  than  is  indispensably  neces- 
saiy  for  this  purpose,  we  shall  therefore  explain  some  of  the  prin- 
cipal of  these  landmarks  of  the  heavens. 

93.  Vertioal  cirolesy  xenith,  and  nadir. — If  from  the  place 
of  the  observer  a  straight  line  be  imagined  to  be  drawn  perpendi- 
cular to  the  plane  of  the  horizon,  and  to  be  continued  indefinitely 
both  upwards  and  downwards,  it  will  meet  the  visible  hemisphere 
at  its  vertex,  the  Zenith,  and  the  invisible  hemisphere,  which  is 
under  the  plane  of  the  horizon,  at  a  corresponding  point  called  the 
Nadib. 

If  a  plane  be  supposed  to  pass  through  the  place  of  the  obser\'er 
and  the  zenith,  it  will  meet  the  celestial  surface  in  a  series  of  points, 
forming  a  circle  at  right  angles  to  the  horizon.  Such  a  circle  is 
called  a  vektical  ctecle,  or,  shortly,  a  VERncAL. 

If  this  plane  be  supposed  to  be  turned  round  the  line  passing 
upwards  to  the  zenith,  it  will  assume  successively  every  direction 
round  the  observer,  and  will  meet  the  heavens  in  every  possible 
vertical  circle. 

The  vertical  circles,  therefore,  all  intersecting  at  the  zenith  as  a 
common  point,  divide  the  horizon  as  the  divisions  of  the  hours  and 
minutes  divide  the  dial-plate  of  a  clock. 

94.  Tbe  celestial  meridian  and  prime  vertical. —  That  ver- 
tical which  passes  through  the  c*flestial  pole  is  called  the  Mekidiax. 

The  meridian  is,  therefore,  the  only  circle  of  the  heavens  which 
passes  at  once  through  the  two  principal  fixed  points,  the  pole  and 
the  zenith. 

It  divides  the  visible* hemisphere  into  two  regions  on  the  right 
and  left  of  the  ob?^,T\er :  as  he  looks  to  the  north,  that  which  is  on 
his  rififht  being  called  the  Eastern,  and  that  which  is  on  his  left 
the  Westers. 

Another  vertical  at  right  angles  to  the  meridian  is  calle<l  the 
prixe  vertical.     This  is  comparatively  little  used  for  reference. 

95.  Cardinal  points. — The  nieridiHU  and  prime  vertical  divide 
the  horizon  at  four  points,  equally  distant,  and  therefore  separated 
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by  arcs  of  90°.  These  points  are  called  the  cardinal  ponrrs.  Those 
formed  by  the  intersection  of  the  meridian  with  the  horizon  are 
called  the  North  and  South  points,  that  which  is  nearest  to  the 
visible  pole  in  the  northern  hemisphere  being  the  north.  Those 
formed  by  the  intersection  of  the  prime  vertical  with  the  horizon 
are  called  the  East  and  West,  that  to  the  right  of  an  observer 
looking  towards  the  north  being  the  east. 

The  cardinal  points  correspond  with  those  marked  on  the  card  of 
a  mariner's  compass,  allowance  being  mado  for  the  variation  of  the 
needle. 

96.  The  admntlk  —  The  direction  of  an  ooject,  whether  ter- 
restrial  or  celestial,  in  reference  to  the  cardinal  points,  or  to  the 
plane  of  the  meridian,  is  called  its  Azimitth.  Thus  it  is  said  to 
have  so  many  degrees  of  azimuth  east  or  west,  according  as  the 
vertical  circle,  whose  plane  passes  through  it,  forms  that  angle  east 
or  west  of  the  plane  of  the  meridian. 

97.  Zenitli  dlstaaoe  and  altitude. —  It  is  always  possible  to 
conceive  a  vertical  circle,  which  shall  pass  through  any  proposed 
object  on  the  heavens.  The  arc  of  such  a  circle  between  the  zenith 
and  the  object  is  called  its  Zenith  distance. 

The  remainder  of  the  quadrant  of  the  vertical  between  the  object 
and  the  horizon  is  called  its  Altitude. 

It  is  evident,  therefore,  that  the  altitude  of  the  zenith  is  90®, 
and  the  zenith  distance  of  every  point  on  the  horizon  is  also  90°. 

The  arc  of  the  meridian  between  the  zenith  and  the  pole  is  the 
zenith  distance  of  the  pole,  and  the  arc  of  the  meridian  between  the 
pole  and  the  horizon  is  the  altitude  of  the  pole. 

98.  Celestial  equator.  —  If  a  plane  be  imagined  to  pass  through 
the  place  of  the  observer  at  right  angles  to  the  axis  of  the  sphere, 
and  to  be  continued  to  the  heavens,  it  will  meet  the  surface  of  the 
celestial  vault  in  a  circle  which  shall  be  90''  from  the  pole,  and 
which  will  divide  the  sphere  into  two  hemispheres,  at  the  vertex 
of  one  of  which  is  the  visible  or  north  pole,  and  at  the  vertex  of 
the  other  the  invisible  or  south  pole. 

This  circle  is  called  the  celestial  equator. 

The  several  fixed  points  and  circles  described  above  will  be  more 
clearly  conceived  by  the  aid  of  the  diagram,^.  28,  where  0  is  the 
place  of  the  observer,  z  the  zenith,  p  the  pole,  8  z  p  n  the  visible,  and 
8/7  s  N  the  invisible  h  alf  of  the  meridian ;  s  e  N  w  is  the  horizon  seen  by 
projection  as  an  oval,  being,  however,  really  a  circle  ;  N  and  8  are 
the  north  and  south,  and  E  and  w  the  east  and  west  cardinal  points. 
The  points  of  the  several  circles  which  are  below  the  horizon ;  are 
distinguished  by  dotted  lines.  The  celestial  equator  is  represented 
at  £  Q,  and  the  prime  vertical  at  z  w  e  z,  both  being  looked  at 
edgewise. 
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A  plane  N  n,  drawn  through  the  north  cardinal  point,  cuts  off  a 
portion  of  the  sphere;  having  the  vinble  pole  v  at  its  centre,  all  of 
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which  is  above  the  horizon ;  and  a  corresponding  plane,  ss,  through 
the  south  cardinal  point,  cuts  off  a  part,  leaving  the  invisible  pole 
at  its  centre,  all  of  which  is  below  the  horizon. 

99.  Apparent  motion  of  tlie  celestial  spliere. — Now,  if  the 
entire  sphere  be  imagined  to  ivvolve  on  the  line  pop  thn)ugh  the 
poles  as  a  fixed  axis,  making  one  complete  revolution,  and  in  such 
a  direction  that  it  will  pass  over  an  observer  at  0,  looking  towards 
N  from  his  right  to  his  left,  carr}'ing  with  it  all  the  objects  on  the 
firmament,  without  disturbing  their  relative  position  and  arrange- 
ment, we  shall  form  an  exact  notion  of  the  apparent  motion  of  the 
heavens.  All  objects  rise  upon  the  eastern  half,  sen,  of  the 
horizon,  and  set  upon  the  western  half,  s  ww.  The  objects  which 
are  nearer  to  the  visible  pole  p  than  the  circle  »N  never  set;  and 
those  which  are  nearer  to  the  invisible  pole  p  than  the  circle  8  a 
never  rise.  Those  which  are  between  the  equator  x  Q  and  the 
circle  w  N  are  longer  above  the  horizon  than  below  it ;  and  those 
which  are  between  the  equator  m  q  and  the  circle  s  «  are  longer  below 
the  equator  than  above  it.  Objects,  in  fine,  which  are  upon  the 
equator  are  equal  times  below  and  above  the  horizon. 

When  an  object  rises,  it  gradually  increases  its  altitude  until  it 
reaches  the  meridian.  It  then  begins  to  descend,  and  continues  to 
descend  until  it  sets. 
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CHAPTER  VI. 

DIUKMAL  ROTATION  OF  THB   KARTH. 

1  oo.  Apparent  diomal  rotation  of  tlie  lieaTons  —  its  pos- 
sible causes.  —  The  apparent  diurnal  rotation  of  the  celestial 
sphere  being  such  as  has  been  explained,  it  remains  to  determine 
what  is  the  real  motion  which  produces  it.  Now  it  is  demonstrable 
that  it  may  be  caused  indifferently,  either  by  a  real  motion  of  the 
sphere  round  the  observer  corresponding  in  direction  and  velocity 
with  the  apparent  motion,  or  by  a  real  motion  of  the  earth  in  the 
contrary  direction,  but  with  the  same  angular  velocity  upon  that 
diameter  of  the  globe  which  coincides  with  the  direction  of  the 
axis  of  the  celestial  sphere,  and  that  no  other  conceivable  motion 
would  produce  that  apparent  rotation  of  the  heavens  which  we 
witness.     Between  these  two  we  are  to  decide  which  really  exists. 

I  Ol .  Supposition  of  tlie  real  motion  of  tlie  universe  inad- 
missible. —  The  fixity  and  absolute  repose  of  the  globe  of  the 
earth  being  assumed  by  the  ancients  as  a  physical  maxim  which 
did  not  even  admit  of  being  questioned,  they  perceived  the  inevit- 
able character  of  the  alternative  which  the  apparent  diurnal  rota- 
tion of  the  heavens  imposed  upon  them,  and  accordingly  embraced 
the  hypothesis,  which  now  appears  so  monstrous,  and  which  is 
implied  in  the  term  uiovebse*,  which  they  have  bequeathed  to 
us. 

It  is  true  that  owing  to  the  imperfect  knowledge  which  pre- 
vailed as  to  the  real  magnitudes  and  distances  of  the  bodies  to 
which  this  common  motion  was  so  unhesitatingly  ascribed,  the 
improbability  of  the  supposition  would  not  have  seemed  so  gross 
as  it  does  to  the  more  enlightened  inquirers  of  our  age.  Never- 
theless, in  any  view  of  it,  and  even  with  the  most  imperfect  know- 
ledge, the  hypothesis  which  required  the  admission  that  the 
myriads  of  bodies  which  appear  upon  the  firmament  should  have, 
besides  the  proper  motions  of  several  of  them,  such  as  the  moon 
and  planets,  of  which  the  ancients  were  not  unaware,  motions  of 
revolution  with  velocities  so  prodigious  and  so  marvellously  related 
that  all  should,  in  the  short  interval  of  twenty-four  hours,  whirl 
round  the  axis  of  the  earth  with  the  unerring  harmony  and  regu- 
larity necessary  to  explain  the  apparent  diurnal  rotation  of  the 
finnament,  ought  to  have  raised  serious  difficulties  and  doubts. 

•  Unus,  one,  and  versum,  turning^  or  rotation, — turning  with  or.e  cominoa 
motion  of  rotation. 
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But  with  the  knowledge  which  has  heen  ohtained  hy  the  labours 
of  modem  astronomers  respecting  the  enormous  magnitudes  of  the 
principal  bodies  of  the  physical  universe,  magnitudes  compared  with 
which|  that  of  the  globe  of  the  earth  dwindles  to  a  mere  point,  and 
their  immense  distances,  under  the  expression  of  which  the  very 
power  of  number  itself  almost  fails,  recourse  to  colossal  units 
being  necessary  in  order  to  enable  it  to  express  even  the  smallest  of 
them,  the  hypothesis  of  the  immobility  of  the  earth,  and  the  diurnal 
rotation  of  &e  countless  orbs  of  magnitudes,  so  unconceivably 
filling  the  inmiensity  of  space,  once  every  twenty-four  hours  round 
this  grain  of  matter  composing  our  globe,  becomes  so  preposterous 
that  it  is  rejected,  not  as  an  improbability,  but  as  an  absiurdity  too 
gross  to  be  even  for  a  moment  seriously  entertained  or  discussed. 

1 02.  Simplloity  and  intrinsio  probability  of  tlie  rotation  of 
tHe  eartli. — But  if  any  ground  for  hesitation  in  the  rejection  of 
this  hypothesis  existed,  all  doubt  would  be  removed  by  the  simpli- 
city and  intrinsic  probability  of  the  only  other  physical  cause  which 
can  produce  the  phenomena.  The  rotation  of  the  globe  of  the  earth 
upon  an  axis  passing  through  its  poles,  with  an  uniform  motion 
from  west  to  east  once  in  twenty-four  hours,  is  a  supposition  against 
which  not  a  single  reason  can  be  adduced  based  on  improbability. 
Such  a  motion  explains  perfectly  the  apparent  diunial  rotation  of 
the  celestial  sphere.  Being  uniform  and  free  from  irregularities, 
checks,  or  jolts,  it  would  not^be  perceivable  by  any  local  derange- 
ment of  bodies  on  the  surface  of  the  earth,  all  of  which  would 
participate  in  it.  Observers  upon  the  surface  of  our  globe  would 
be  no  more  conscious  of  it,  than  are  the  voyagers  shut  up  in  the 
cabin  of  a  canal  boat,  or  transported  above  the  clouds  in  the  car  of 
a  balloon. 

103.  Direot  proof*  of  tlie  eartli*s  rotation.  —  Irresistible, 
nevertheless,  as  this  logical  alternative  is,  the^  universality  and  an- 
tiquity of  the  belief  in  the  immobility  of  the  earth,  and  the  vast 
physical  importance  of  the  principle  in  question  have  prompted 
inquirers  to  search  for  direct  proofs  of  the  actual  motion  of  the  earth 
upon  its  axis.  Two  phenomena  have  accordingly  been  produced 
as  immediate  conclusive  proof  of  this  motion. 

1 04.  Proof  by  tbe  descent  of  a  body  from  a  irreat  beigrbt. 
—  It  has  been  shown  (m.  1 80)  that  a  body  descending  from  a  great 
height  does  not  fall  in  the  true  vertical  line,  which  it  would  if  the 
earth  were  at  rest,  but  eastward  of  it,  which  it  must,  if  the  earth 
have  a  motion  of  rotation  from  west  to  east. 

If  a  high  tower  or  steeple  be  erected  on  the  surface  of  the  earth, 
it  is  evident  that,  in  consequence  of  the  revolution  of  the  globe 
upon  its  axis,  the  top  of  the  tower  will  be  moved  in  a  greater  diur- 
nal circle  than  the  base  c,  being  more  distant  from  the  comtacdi 
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centre  round  which  the  entire  world  is  naoved.  The  top  of  the 
tower^  therefore,  and  anything  placed  upon  it,  has  a  greater  velo- 
city from  west  to  east,  which  is  the  direction  of  the  earth's  rotation, 
than  has  the  bottom . 

Now  if  we  imagine  a  heavy  ball  to  be  let  fall  fnim  the  top  of  the 
tower  towards  the  base,  this  ball  will  be  affected  by  two  motions : 
1st,  that  which  it  has  in  common  with  the  top  of  the  tower  from 
west  to  oast,  in  vii-tue  of  the  earth's  diurnal  motion ;  and  2ndly, 
that  vertical  motion  which  it  has  in  falling.  The  course  it  will 
follow  will  therefore  depend  on  the  combination  of  these  two  mo- 
tions, and  it  will  strike  the  ground  at  a  point  east  of  that  which 
it  occupied  at  the  commencement  of  its  fall,  by  a  space  equal  to 
that  thn>ugh  which  the  top  of  the  tower  is  carried  during  the  time 
of  the  fall  But  during  this  same  interval,  the  base  of  the  tower  is 
also  moving  eastward,  but,  as  has  been  explained,  through  a  less 
space. 

Since  the  ball  is  carried  eastward  through  the  space  through 
which  the  top  of  the  tower  is  moved,  while  the  base  of  the  tower  is 
loiu-ied  eastward  through  a  less  space,  the  ball,  instead  of  falling  at 
the  base  of  the  tower,  which  it  would  do,  if  there  were  no  diurnal 
rotation  of  the  earth,  will  fall  just  so  much  east  of  the  base  as  is 
t»qual  to  the  ditlbrenco  between  the  motion  of  the  top  and  the 
motion  of  thn  bottom  of  the  tower. 

This  will  be  rendert'd  more  intelligible  by,/f^.  29.,  in  which  A  c 
may  be  supponed  to  represent  the  tower  nt  the  moment  when  the 

ball  is  disengaged  from  a,  o 
bein«i  the  centre  of  the  earth, 
to  which  the  vertical  line  a  c 
is  directed.  Let  us  suppose 
that  in  the  time  of  the  fall, 
the  earth  in  its  resolution 
moves  through  the  angle  c  0  (/. 
In  that  case  the  position  of 
the  tower  at  the  moment  the 
ball  ci>mes  to  the  surface  of 
the  earth  will  be  a'  &.  The 
Imll  meanwhile,  during  its  fall 
n^taiuing  the  velocity  east- 
wanl,  which  it  had  at  the  mo- 
ment it  was  dismissed  from  A, 
will  fall  at  a  distance  east- 
ward of  c  equal  to  a  a'.  But 
^ '«  w-  since  a  a'  is  greater  than  c  (f, 

the  distance  at  which  the  ball 
will  strike  the  ground  eastward  of  c  will  be  necessarily  greater 
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than  c  (/  by  the  diiference  between  a  a'  and  c  c'.  If,  then, 
we  take  c  B  =  *a  a',  B  will  be  the  point  at  which  the  ball  will 
strike  the  ground,  the  tower  then  beinjj'in  the  position  a'  (/.  The 
distance  c'  b  of  the  point  B  eastward  of  the  foot  of  the  tower, 
will  then  be  the  difference  between  the  arc  described  by  the  top  of 
the  tower,  and  the  arc  described  by  the  bottom  of  the  tower  in  the 
time  of  the  fall. 

Since  the  distance  B  c'  must  necessarily  be  extremely  minute,  it 
might  be  supposed  that  such  an  experiment,  however  beautiful  in 
theory,  would  be  impracticable,  the  quantity  which  would  indicate 
the  effect  of  the  rotation  being  smaller  than  could  be  correctly 
measured.  The  experiment,  nevertheless,  was  performed  with  some 
success  when  first  proposed  on  the  leaning  tower  of  Bologna,  and 
has  since  been  repeated,  under  much  more  favourable  circumstances, 
and  with  results  much  more  exact,  by  M.  Reich  in  the  shaft  of  a 
mine  near  Freyberg.  The  depth  of  the  shaft,  and  consequently 
the  height  of  the  fall,  was  in  this  case  520  feet,  and  a  mean  of 
several  experiments  showed  that  the  eastern  deviation  amounted  to 
ri  inch,  while  the  calculation  of  the  distance  eastward,  at  which 
the  ball  ought  to  have  fallen,  allowing  for  the  earth's  actual  rota- 
tion, was  1  '086  inch.  The  difference  between  the  result  of  the 
experiment  and  the  calculation  by  theory  was,  therefore,  less  than 
the  seventieth  part  of  an  inch. 

105.  Foucault^s  experimental  iUustratiozis.  —  The  diurnal 
rotation  of  the  earth  could  obviously  be  rendered  apparent,  provided 
any  line  or  plane  could  be  found  upon  the  earth's  surface  which 
would  not  participate  in  the  motion  of  rotation,  since  in  that  case 
the  relative  position  of  all  objects  referred  to  such  line  or  plane, 
would  be  changed  from  hour  to  hour,  as  the  earth  turns  upon  its 
axis.  It  is  upon  this  simple  principle  that  the  method  of  illustra- 
tion contrived  by  M.  Leon  Foucault,  has  been  based.  As  this  ex- 
periment has  been  repeated  in  many  places,  has  excited  much 
attention,  and  has  been  the  subject  of  much  discussion,  it  may  be 
worth  while  to  develop  the  principles  upon  which  it  depends,  some- 
what fully. 

It  must  be  first  observed  that  the  rotation  of  a  pendulous  mass 
around  the  line  of  direction  of  the  string  by  which  it  is  suspended 
will  not  produce  any  change  in  the  plane  of  vibration.  This  may 
be  easily  proved  experimentally  by  imparting  to  the  point  of  sus- 
pension of  the  pendulum  a  rotatory  motion  by  which  the  wire  or 
stiing  suspending  the  pendulous  mass  can  be  made  to  revolve. 
The  pendulum  being  put  in  vibration,  it  will  be  foimd  that  such 
motion  of  rotation  will  not  in  any  way  affect  the  plane  of  its 
oscillation. 

If  we  suppose  a  pendulum  to  be  suspended  immediately  ovet  tii^ 
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north  pole  of  the  earth  and  put  in  vihration,  the  plane  of  its  oscilla- 
tion 'will  not  be  affected,  therefore,  by  the  rotation  which  its  point 
of  suspension  will  in  that  case  have  in  common  with  the  earth. 
The  earth  will,  therefore,  revolve  under  the  pendulum  while  the 
plane  of  oscillation  retains  n  fixed  direction.  The  observer,  mean- 
while, being  unconscious  of  the  earth's  rotation,  the  plane  of  oscilla- 
tion of  the  pendulum  will  appear  to  him  to  have  a  motion  of  imi- 
form  rotation  round  the  axis  of  suspension,  one  complete  revolution 
being  made  in  23**  56"*.  This  apparent  rotation  of  the  plane  of 
oscillation  will  moreover  take  place  in  the  same  direction  as  that 
in  which  the  hand  of  a  watch  would  move,  or  in  which  a  right 

handed     screw   would     be 
tiumed. 

Such  being  the  effect  pro- 
duced upon  the  observer,  it 
is  not  quite  correct  to  say 
that  this  experiment  renders 
visible  the  rotation  of  the 
earth,  since,  in  fact,  it  does 
not  render  that  phenomenon 
more  visible  than  does  the 
apparent  rotation  of  the  fir- 
mament. In  the  one  case, 
as  in  the  other,  an  apparent 
motion  is  perceived,  which 
is  produced  by  the  real  rota- 
tion of  the  earth ;  and  it  is 
only  by  the  result  of  reason- 
ing upon  the  phenomena  that 
the  observer  in  the  one  case, 
as  in  the  other,  arrives  at 
the  conclusion  that  the  ap- 
parent motion  which  he  sees 
is  an  optical  effect  caused  by 
the  real  rotation  of  the  earth, 
of  which  he  is  totally  im- 
conscious. 

The  first  experiments  on 

this  principle  made  by  M. 

Foucault,  took  place  in  the 

Pantheon  at  Paris.    An  iron 

Fig.  ja  ^^  about  2 1  o  feet  in  length 

was  attached  by  its  upper 

extremity  to  a  metal  plate  fixed  in  the  centre  of  the  cupola  of  the 

building.    It  supported  at  its  lower  extremity  a  large  and  ponderous 
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eopper  ball.  When  this  pendulum  was  put  in  oscillation,  it  moved 
between  its  extreme  limits  very  slowly,  the  time  of  oscillation  being* 
about  8  seconds.  In  order  to  render  inore  sensible  the  rotation  of 
the  plane  of  oscillation  round  the  axis  of  the  pendulum,  little  mounds 
of  sand|  a^  f^^fig^  30,  were  placed  upon  a  circle  formed  round  the  axis 
of  oscillation,  and  a  point  projecting  from  the  ponderous  ball  struck 
at  each  oscillation  the  ridge  of  this  mound,  throwing  off  a  small 
portion  of  the  sand  \  and  thus  by  the  continued  motion  of  the 
plane  of  oscillation,  the  top  of  the  ridge  was  gradually  cut  off, 
leaving  a  flat  surface  instead  of  an  an^ar  edge  as  indicated  in 
the  figure.  On  starting  the  pendulum  it  was  ot  great  importance 
that  at  the  commencement  it  should  receive  no  lateral  motion, 
and  that  it  should  be  merely  abandoned  to  the  action  of  gra\itv 
without  any  other  disturbing  force.  To  ensure 
this,  at  the  commencement  of  the  operation,  the 
pendulous  ball  was  drawn  to  the  extreme  limit 
of  its  intended  range,  and  tied  there  by  a  thread 
of  silk,  h^fig.  3 1 ,  to  a  fixed  point.  It  was  started 
by  burning  the  silk  by  means  of  a  match  or  taper^ 
at  a  point  near  the  ball. 

This  experiment  has  been  repeated  not  only  by  y\%,  |i. 

M.  Foucault  himself,  but  by  many  other  ob8er\'ers 
in  different  parts  of  the  world,  and  though  it  has  not,  as  far  as^ 
we  are  informed,  been  continued  in  any  single  case  so  long  as  to 
allow  the  plane  of  oscillation  to  make  a  complete  revolution,  its 
continuance  has  been  sufiicicnt  to  determine  the  angular  velocity 
of  the  plane  of  oscillation. 

M.  Foucault  has  more  recently  contrived  another  form  of  experi- 
ment, by  which  the  earth's  rotation  is  demonstrated  by  exhibit- 
ing another  apparent  motion  artificially  produced  by  it.  This 
second  experiment  is  founded  upon  a  principle  of  mechanics,  in 
virtue  of  which  a  solid  body,  whose  fonn  is  svmmetrical  with  rela- 
tion to  a  particular  line,  receiving  a  motion  of  rotation  round  that 
line,  the  direction  of  such  axis  of  rotation  will  remain  invariable 
whatever  motion  of  translation  may  bo  imparted  to  the  rotating 
body.  If,  therefore,  it  can  bo  so  contrived  that  a  body  shall  be 
thus  put  in  rapid  rotation  round  its  axis  of  symmetry,  and  placed 
in  circumstances  so  as  not  to  be  disturbed  by  the  force  of  gi-avity, 
this  body,  while  it  is  carried  round  with  the  diurnal  rotation  of  the 
eaith,  will  preserve  the  direction  of  its  axis  of  rotation  unchanged. 
AMiile  the  direction  of  this  axis  therefore  is  fixed,  the  position  of 
all  bodies  roimd  it  being  continually  changed  by  the  rotation  of  the 
earth,  an  obser\'er,  unconscious  of  the  change,  will  refer  the  motion 
to  the  axis  itself  j  consequently  that  axis  will  appear  to  have  such 
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a  motion  as  would  result  from  the  relation  between  the  bodien 
moved  by  the  earth's  rotation,  and  its  own  fixed  direction. 

M.  Foucault  has  realised  this  by  an  instrument  to  which  he  has 
given  the  name  of  gyroscope.  A  heavy  metallic  ring  a  a.  Jigs,  32 
nnd  33)  is  mounted  upon  an  axis  hhy  which 
is  fixed  to  its  ceuti'o  and  perpendicular  to  its 
lateral  faces.  This  disk,  which  is  very 
massive,  iff  so  formed,  that  its  matter  shall* 
be  principally  collected  round  its  circum- 
ference, the  central  part  being  comparatively 
light  The  axis  5  5  is  supported  at  its  two 
extremities  by  two  pivots  round  which  the 
Pj     ^  disk  a  a  can  turn  freely.    These  two  pivots 

are  formed  in  a  ring  c  c  furnished  with  two 
knife-edges  like  those  upon  which  the  beam  of  a  balance  is  sus- 
pended. These  knife-edges  d  d  rest  in  cavities  formed  for  them  at 
two  opposite  points  of  ^e  vertical  ring  e  e.  This  ring  itself  is 
suspended  by  a  wire  of  some  length  which  allows  it  to  turn  freely 
round  the  vertical  line  on  which  the  wire  is  directed  j  and  to 
prevent  the  wire  with  what  it  supports  from  receiving  a  pen- 
dulous motion  from  any  disturbing  cause,  the  ring  is  furnished 
below  with  a  fine  point,  which  enters  a  hole  large  enough  to  allow 
it  to  turn  freely  without  fiiction.  This  mode  of  suspension  of 
the  disk  a  a,  and  the  axis  b  6,  which  is  imited  with  it,  evidently 
allows  the  direction  of  the  axis  6  6  to  vary  in  all  pos-?ible  ways. 
By  making  the  ring  e  t  turn  round  the  vertical,  which  passes 
through  the  suspending  wire  and  through  the  inferior  point,  the 
axis  h  h  can  be  directed  in  any  vertical' plane  whatever.  In  like 
manner,  by  making  the  ring  c  c  turn  upon  the  knife-edges  d  dj  the 
inclination  of  the  axis  6  h  can  be  varied  at  will,  and  these  two 
motions  can  be  produced  without  any  sensible  variation  whatever. 
This  apparatus  has  been  constructed  with  the  most  exquisite  de- 
gree of  perfection  by  M.  G.  Froment  of  Paris,  so  that  the  centre  of 
gravity  of  the  disk  a  a  is  precisely  upon  its  axis  of  rotation,  and  the 
centre  of  gravity  of  the  range  c  c  is  found  also  exactly  upon  the 
axis  of  the  two  knife-edges  d  d.  It  follows  from  this,  Jird,  that 
gravity  has  no  effect  whatever  upon  the  motion  of  rotation  of  the 
disk  round  its  axis  of  symmetry ;  and  secondly ,  that  it  cannot  in  any 
manner  tend  to  vaiy  the  inclination  of  the  axis  b  b,  by  making  the 
ring  c  c  turn  round  the  line  of  suspension  formed  by  the  knife-edges. 
To  perform  the  experiment,  the  part  of  the  apparatus  which  is 
represented  separately  in^^.  32  is  taken  off,  and  is  placed  on  a 
nuichine  adapted  to  impart  to  the  disk  a  a  an  extremely  rapid  motion 
of  rotation  by  means  of  the  small-toothed  pinion  o.    AMien  the 
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disk  is  thus  put  in  rotation,  it  is  again  placed  with  the  ring  cc  in 
the  position  indicated  in^.  33.    The  axis  b b  having  thus  the  hori- 


Flg.  JJ. 

zunUl  dii-ection,  makes  an  angle  with  the  axis  of  the  earth,  and 
will  consequently  appear  to  be  moved  round  this  line;  but  thin 
apparent  motion  can  only  be  produced  in  so  far  as  the  ling  cc  turns 
by  degrees  round  the  knife-edges  dd,  and  at  the  same  time  the 
vertical  ring  e  e  turns  round  the  sustaining  wire.  This  last  move- 
ment can  be  observed  by  the  aid  of  a  microscope  m  plaoed  near  the 
apparatus,  and  directed  to  a  smnll  divided  plate  i  which  the  ring 
€  e  carries.  The  divisions  of  this  little  plate  pass  one  by  one  before 
the  micrometer  wires  of  the  microscope  absolutely  in  the  same 
manner  as  stars  are  obser\ed  to  pass  before  the  micrometer  wires 
of  an  astronomical  telescope. 

The  apparent  motion  is  obviously  due  to  the  rotation  of  the  eartli 
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Teferred  to  the  fixed  direction  of  the  axis  of  symmetry  of  the  rota-» 
ting  ring. 

1 06.  Analonr  supplies  evidenoe  of  tlM  eartli's  rotation.  — 

The  obvious  analogy  of  the  planets  to  the  earth,  which  will  appear 
more  fully  hereafter,  would  supply  strong  evidence  in  favour  of  the 
earth's  rotation,  even  if  positive  demonstration  were  wanting.  All 
the  planets  are  globes  like  the  earth  receiving  light  and  heat  from 
the  same  luminary,  and,  like  the  earth,  revolving  round  it.  Now 
all  the  planets  which  we  have  been  enabled  to  observe  have  motions 
of  rotation  on  axes,  in  times  not  very  different  &om  that  of  the 
earth. 

107.  Tigure  of  the  eartli  supplies  aaotlier  proof: — Besides 
these,  it  has  been  shown  in  a  preceding  chapter  that  another  proof 
of  the  rotation  of  the  earth  is  supplied  by  a  peculiar  departure  from 
the  strictly  globular  form  (68). 

108.  Bow  tbis  rotation  of  the  eartli  explains  tlie  diurnal 
phenomena. — We  are  then  to  conclude  that  the  earth,  being  a 
globe,  has  a  motion  of  uniform  rotation  round  a  ceilain  diameter. 
The  imiverse  around  it  is  relatively  stationary,  and  the  bodies 
which  compose  it  being  at  distances  which  mere  vision  cannot 
appreciate,  appear  as  if  they  were  situate  on  the  surface  of  a  vast 
celestial  sphere  in  the  centi-e  of  which  the  earth  revolves.  This 
rotation  of  the  earth  gives  to  the  sphere  the  appearance  of  revolving 
in  the  contrary  direction,  as  the  progressive  motion  of  a  boat  on  a 
river  gives  to  the  bimks  an  appeai*ance  of  retrogressive  motion ;  and 
since  the  apparent  motion  of  the  heavens  is  from  east  to  west,  the 
real  rotation  of  the  earth  which  produces  that  appearance  must  be 
from  west  to  east.^ 

How  this  motion  of  rotation  explains  the  phenomena  of  the  rising 
and  setting  of  celestial  objects  is  easily  understood.  An  obsen'er 
placed  at  any  point  upon  the  surface  of  the  earth  is  carried  round 
the  axis  in  a  circle  in  twenty-four  hours,  so  that  every  side  of  the 
celestial  sphere  is  in  succession  exposed  to  his  view.  As  he  is  carried 
upon  the  side  opposite  to  that  in  which  the  sim  is  placed,  he  sees 
the  starry  heavens  visible  in  the  absence  of  the  splendour  of  that 
luminarj'.  As  he  is  turned  gradually  towards  the  side  where  the 
sun  is  placed,  its  light  begins  to  appear  in  the  firmament,  the  dawn 
of  morning  is  manifested,  and  the  globe  continuing  to  tiun,  he  is 
brought  into  view  of  the  luminary  itself,  and  all  the  phenomena  of 
dawn,  morning,  and  sunrise  are  exhibited.  WTiile  he  is  directed 
towards  the  side  of  the  firmament  in  which  the  sun  is  placed,  the 
other  bodies  of  inferior  lustre  are  lost  in  the  splendour  of  that  lumi- 
nary, and  all  the  phenomena  of  day  are  exhibited.  When  by  the 
continued  rotation  of  the  globe  the  observer  begins  to  be  turned 
away  from  the  direction  of  the  sun,  that  luminary  declines,  and  at 
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^ogth  disappears,  producing  all  the  phenomena  of  evening  andsun- 
•et. 

Such,  in  general,  are  the  effects  which  would  attend  the  motion 
of  a  spectator  placed  upon  the  earth's  surface,  and  carried  round  with 
it  by  its  motion  of  rotation.  He  is  the  spectator  of  a  gorgeous 
diorama  exhibited  on  a  vast  scale,  the  earth  which  fonns  his  station 
being  the  revolving  stage  by  which  he  is  carried  round,  so  as  to  view 
in  succession  the  spectacle  which  surrounds  him. 
',  These  appearances  vary  with  the  position  assumed  by  the  observer 
W.this  revolving  stage,  or,  in  other  words,  upon  his  situation  on  the 
earth,  as  will  presently  appear. 

109.  Tbe  eartli's  azU. — That  diameter  upon  which  it  is  neces- 
sary to  suppose  the  earth  to  revolve  in  order  to  explain  the  pheno- 
mena is  that  which  passes  through  the  terrestrial  poles. 

1 1  o.  The  terrestrial  equator,  poles*  and  meridians. — If  the 
globe  of  the  earth  be  imagined  to  be  cut  by  a  plane  passing  through 
its  centre  at  right  angles  to  its  axis,  suf  h  a  plane  will  meet  the 
surface  in  a  circle,  which  will  divide  it  into  two  hemispheres,  at^he 
summits  of  which  the  poles  are  situate.    This  circle  is  called  the 

TERRESTRIAL  EQUATOR. 

That  hemisphere  which  includes  the  Continent  of  Europe  is 
called  the  xoRTnER>'  hesusphere,  and  the  pole  which  it  includes 
is  called  the  northern  terrestrial  pole  ;  the  other  hemisphere 
being  the  southern  hemisphere,  and  including  the  southern 

TERRESTRIAL  POLE. 

If  the  surface  of  the  earth  be  imagined  to  be  intersected  by  planes 
passing  through  its  axis,  they  will  meet  the  surface  in  circles  which, 
passing  through  the  poles,  will  be  at  right  angles  to  the  equator. 
These  circles  are  called  terrestrial  meridians,  and  will  be  seen 
delineated  on  any  oi-dinarj*  ten-estrial  globe. 

111.  latitude  and  longitude.  —  The  positions  of  places  upon 
the  surface  of  the  earth  are  expressed  and  indicated  by  stating  their 

V  distance  north  or  south  of  the  equator,  measiired  upon  a  meridian 
passing  through  them,  and  by  the  distance  of  such  meridian  east  or 
west  of  some  tixed  meridian  arbitrarily  selected,  such  as  the  me- 
ridian passing  through  the  observatory  at  Greenwich.  The  former 
distance,  expressed  in  degrees,  minutes,  and  seconds,  is  called  the 
Latitude,^  and  the  latter,  similarly  expressed,  the  Longitude  of 
the  place. 

112.  Fixed  meridians  —  tbose  of  Oreenwicli  and  Paris.  — 
As  no  natural  phenomenon  is  found  by  which  a  fixed  meridian  from 
which  longitude  is  measured  can  bo  determined,  astronomers  and 
geographers  have  not  agreed  in  the  arbitrarj'  selection  of  one.  The 
meridians  of  the  Greenwich  and  Pai-is  observatories  have  been 
taken,  the  former  by  English,  and  the  latter  by  French  authorities. 
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(18  the  startmg-point.  To  reduce  the  longitudes  expressed  by 
either  to  the  other^  it  is  only  necessigy  to  add  or  subtract  the  angle 
under  the  meridians  of  the  two  observatories,  the  most  recent  deter- 
mination of  which  has  been  ascertained  to  be  2°  20'  9"* 5,  the 
meridian  of  Paris  being  east  of  that  of  Gi-eenwich. 

113.  Bow  the  diurnal  pbenomena  vtkry  witli  the  latltade. 
—  Let  SJE  NQ,^.  34,  represent  the  earth  suspended  in  space,  sur- 
rounded at  an  immeasurable  distance  by  the  stellar  universe.  The 
magnitude  of  the  earth  being  absolutely  insignificant  compared 
with  the  distances  of  the  stars,  the  aspect  of  these  will  be  the  same 
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whether  they  are  viewed  from  any  point  on  its  surface,  or  from  its 
centre.    The  observer  may  therefore,  whatever  be  his  position  on 
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the  earth;  be  considered  as  looking  from  the  centre  of  the  celestial 
sphere. 

Let  us  suppose^  in  the  first  place,  the  observer  to  be  at  0,  a  point 
on  its  surface  between  the  equator  JS  and  the  north  pole  N,  the  lati- 
tude of  which  will  therefore  be  0  JS,  and  will  be  measured  by  the 
angle  oc  je.  If  a  line  be  imagined  to  be  drawn  from  the  centre  c 
through  the  place  0  of  the  observer^  and  continued  upwards  to  the 
firmament;  it  will  arrive  at  the  point  z,  which  is  the  zenith  of  the 
observer.  If  the  terrestrial  axis  SN  be  imagined  to  be  continued 
to  the  firmament,  it  will  arrive  at  the  north  celestial  pole  n  and  the 
south  celestial  pole  8,  If  the  plane  of  the  terrestrial  equator  je  Q  be 
supposed  to  be  continued  to  the  heavens,  it  will  intersect  the  surface 
of  the  celestial  sphere  at  the  celestial  equator  a  q. 

The  observer  placed  at  0  will  see  the  entire  hemisphere  hzh'  of 
which  his  zenith  z  is  the  summit;  and  the  other  hemisphere  hsh' 
will  be  invisible  to  him,  being  in  fact  concealed  from  his  view  by 
the  earth  on  which  he  stands. 

It  is  evident  that  the  arc  of  the  heavens  s  n  between  his  zenith 
and  the  north  celestial  pole  consists  of  the  same  number  of  degrees 
as  the  arc  0  y  of  the  terrestrial  meridian  between  his  place  of  ob- 
servation 0  and  the  north  terrestrial  pole  m.  The  zenith  distance 
therefore  of  the  visible  pole  at  any  place  is  always  equal  to  the  actual 
distance  expressed  in  degrees  of  tliat  place  from  the  terrestrial  pole, 
and  as  this  distance  is  the  complkment  *  of  the  latitude,  it 
foUows  that  the  zenith  distance  of  the  visible  pole  is  the  comple- 
ment of  the  latitude,  and  tliat  tlio  altitude  of  the  visible  pole  is  equal 
to  the  latitude  of  the  pla(!e. 

1 14.  Method  of  finding  ttao  latitado  of  the  place. —  The 
latitude  of  the  place  of  observation  may  therefore  be  always  deter- 
mined if  the  altitude  of  the  celestial  pole  can  be  observed.  If  there 
were  any  star  situate  precisely  at  tlie  pole,  it  would  therefore  be 
sufficient  to  obser\'e  its  altitude.  There  is,  however,  no  star  exactly 
at  the  pole,  although,  as  has  been  already  obsened,  tlie  pole  stakIs 
very  near  it.  The  altitude  of  the  pole  is  found,  therefore,  not  by  one, 
but  by  two  observations.  The  p<^>le  star,  or  any  other  star  situate 
near  the  pole,  is  carried  round  it  in  a  circle  by  the  apparent  diurnal 
motion  of  the  sphere,  and  it  necessarily  crosses  the  meridian  twice 
in  each  revolution,  once  aboiYj  and  once  below  the  pole.  Its  altitude 
in  the  latter  position  is  the  lead^  and  in  the  former  the  (/reatesl  it 
ever  has  ;  and  the  pole  itself  is  just  midway  between  these  two  ex- 
treme positions  of  this  cireuinpolar  star.  To  find  the  actual  altitude 
of  the  polC;  it  ii  only  necessary  therefore  to  take  the  wec/w,  that  is, 

*  The  complement  of  an  angle  or  arc  is  that  number  of  degrees  by  which 
it  differs  from  90^.    Tbos  30°  is  the  complement  of  60P. 
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half  the  sum  of  these  two  extreme  altitudes.  By  making  the  same 
observations  with  several  circumpolar  stars^  and  taking  a  mean  of 
the  whole^  still  greater  accuracy  may  he  attained. 

119.  Position  of  eelostial  equator  and  polos  Tarios  witli 
the  latitude. —  Since  the  altitude  of  the  celestial  pole  is  every- 
where equal  to  the  latitude  of  the  place^  and  since  the  position  of 
the  celestial  equator  and  its  parallels  in  which  all  celestial  objects 
appear  to  he  moved  by  the  diurnal  rotation,  varies  with  that  of  the 
pole,  it  is  evident  that  the  celestial  sphere  must  present  a  different 
appearance  to  the  observer  at  eveiy  different  latitude.  In  proceed- 
ing towards  the  terrestrial  pole,  the  celestial  pole  will  gradually 
approach  the  zenith,  imtil  we  arrive  at  the  terrestrial  pole,  when 
it  will  actually  coincide  with  that  point ;  and  in  proceeding  towards 
the  terrestrial  equator  the  celestial  pole  will  gradually  descend 
towards  the  horizon,  and  on  arriving  at  the  Line  it  will  be  actually 
on  the  horizon. 

1 16.  ParaUol  spbero  soon  at  tlio  poles. — At  the  poles,  there- 
fore, the  celestial  pole  being  in  the  zenith,  the  celestial  equator 
will  coincide  with  the  horizon,  and  by  the  diurnal  motion  all  objects 
will  move  in  circles  paraDel  to  the  horizon.  Every  object  will 
therefore  preser^^e  during  twenty-four  hours  the  same  altitude  and 
the  same  zenith  distance.  No  object  will  either  rise  or  set,  at  least 
so  far  as  the  diurnal  motion  is  concerned. 

This  aspect  of  the  firmament  is  called  a  paballel  sphere,  the 
motion  being  parallel  to  the  horizon. 

117.  Sirbt  sphere  seen  at  the  equator. — At  the  terrestrial 
equator,  the  poles  being  upon  the  horizon,  the  axis  of  the  celestial 
sphere  will  coincide  with  a  line  drawn  upon  the  plane  of  the  horizon 
connecting  the  north  and  south  points.  The  celestial  equator  and  its 
parallels  will  be  at  right  angles  to  the  plane  of  the  horizon  ;  and 
since  the  plane  of  the  horizon  passes  through  the  centre  of  bOH  the 
parallels,  it  will  divide  them  all  into  equal  semicircles. 

It  follows,  therefore,  that  all  objects  on  the  heavens  will  be  equal 
times  above  and  below  the  horizon,  and  that  they  will  rise  and  set  in 
planes  perpendicular  to  the  horizon. 

This  aspect  of  the  firmament  is  called  a  right  sphere,  the  diurnal 
motion  being  at  right  angles  to  the  horizon. 

118.  Oblique  spbere  seen  at  intermediate  latitudes.  — At 
latitudes  between  the  equator  and  pole,  the  celestial  pole  holds  a 
place  between  the  horizon  and  the  zenith  determined  by  the  latitude. 
The  celestial  equator  €b  q,fig,  34,  and  its  parallels,  are  inclined  to 
the  plane  of  the  horizon  at  angles  equal  to  the  distance  of  the  pole 
from  the  zenith,  and  therefore  equal  to  the  complement  of  the  la- 
titude. The  centres  of  all  parallels  to  the  celestial  equator  <b  q 
which  are  between  it  and  the  visible  pole  are  above  the  plane  of  the 
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horizon^  between  c  and  v,  and  the  centres  of  all  parallels  at  the  other 
side  of  the  equator  below  it  The  parallels,  such  as  /"  m'  and 
/ 171,  will  therefore  be  all  divided  unequally  by  the  plane  of  the 
horizon,  the  visible  part  ^  r^  being  greater  than  the  invisible  part 
tnf  r^  for  the  former,  and  the  invisible  part  tn  r  greater  than  the 
visible  part  /  r  for  the  latter. 

It  follows,  therefore,  that  all  objects  between  the  celestial  equator 
a  q  and  the  visible  pole  N  will  be  longer  above  than  below  the  ho- 
rizon, and  all  objects  on  the  other  side  of  the  equator  will  be 
longer  below  the  horizon  than  above  it. 

A  parallel  h'  kf  to  the  celestial  equator,  whose  distance  from  the 
visible  pole  is  equal  to  the  latitude,  will  be  entirely  above  the  ho- 
rizon, just  touching  it  at  the  point  imder  the  visible  pole ;  and  a 
corresponding  parallel  h  k,  at  an  equal  distance  from  the  invisible 
pole,  will  be  entirely  below  the  horizon,  just  touching  it  at  the  point 
above  the  invisible  pole. 

All  parallels  nearer  to  the  visible  pole  than  h'  k'  will  be  entirely 
above  the  horizon,  and  all  parallels  nearer  to  the  invisible  pole  than 
h  k  will  be  entirely  below  it. 

Hence  it  is  that,  in  European  latitudes,  stars  within  a  certain 
limited  distance  of  the  north  or  visible  celestial  pole  never  set,  and 
stars  at  a  corresponding  distance  from  the  south  or  invisible  celestial 
pole  never  rise. 

Tlie  observer  can  only  see  these  by  going  to  places  of  observation 
having  lower  latitudes. 

This  aspect  of  the  firmament  is  called  an  oblique  sphere,  the 
diurnal  motion  being  oblique  to  the  horizon. 

1 19.  Objects  in  celestial  equator  cqnal  times  above  and 
below  borixon.  —  AMiether  the  sphere  be  right  or  oblique,  the 
centre  of  the  celestial  equator  being  on  the  plane  of  the  horizon, 
one  half  of  that  circle  will  be  below,  and  the  other  above  the  horizon. 
Every  object  upon  it  will  therefore  be  equal  times  above  and 
below  the  horizon,  rising  and  setting  exactly  at  the  east  and  west 
points. 

In  the  parallel  sphere,  the  celestial  equator  coinciding  with  the 
horizon,  an  object  upon  it  will  be  carried  round  the  horizon  by  the 
diurnal  rotation,  without  either  rising  or  setting.* 

120.  Metbod  of  determining  tbc  longitude  of  places. — 
This  perfect  uniformity  of  the  earth's  rotation,  inferred  from  the 

*  The  teacher  will  find  it  advantageous  to  exercise  the  student  in  the  sub- 
ject of  the  preceding  paragraphs,  aided  by  an  armiilary  sphere,  or,  if  that  be 
not  accessible,  by  a  celestial  globe,  which  will  serve  nearly  as  well.  Many 
questions  will  suggest  themselves,  arising  out  of  and  deducible  from  what 
has  been  explained  above,  with  respect  to  the  various  altitudes  of  the  sphere 
in  different  latitudes. 
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observed  uniformity  of  the  apparent  rotation  of  the  firmament^  is 
the  basis  of  all  methods  of  determining  the  longitude.  The  longi- 
tude of  a  place  will  be  determined  if  the  angle  under  the  meridian 
of  the  place,  and  that  of  any  other  place  whose  longitude  is  known, 
can  be  found.  But  since,  by  the  uniform  rotation  of  the  globe,  the 
meridians  of  all  places  upon  it  are  brought  in  reg^ar  succession 
under  every  part  of  the  firmament,  the  moments  at  which  the  two 
meridians  pass  under  the  same  star,  or,  what  is  the  same,  the  mo- 
ments at  which  the  same  star  is  seen  to  pass  over  the  two  meridians, 
being  observed,  the  interval  will  bear  the  same  ratio  to  the  entire 
time  of  the  earth*s  rotation  as  the  difiefence  of  the  longitudes  of  the 
two  places  bears  to  360°. 

To  make  this  more  dear,  let  us  take  the  case  of  two  places  p  and 

r',^1/.  35,  upon  the  equator.    If  c  be  the  centre  of  the  earth,  the 

angle  p  c  p'  will  be  the  difference  between 

— T— --,-  the  longitudes.     Now,  let  the  time  be  ob- 

/       »  served  at  each  place  at  which  any  parti- 

/  cular  star  s  is  seen  upon  the  meridian.     If 

/  the  motion  of  the  earth  be  in  the  direction 

/  of  the  arrow,  the  meridian  of  p  will  come 

/  to  the  star  before  the  meridian  of  p'.    This 

,  /  necessarily  supposes  p  to  be  east  of  r',  since 

\;  the  earth  revolves  from  west  to  east.    Let 

/  the  true    interval  of  time   between   the 

»         /  passage  of  s  over  the  two  meridians  be  t, 

\      I  let  T  be  the  time  of  one  complete  revolution 

of  the  globe  on  its  axis,  and  let  l  be  the 
difference  of  the  longitudes,  or  the  angle 
p  c  P'j  we  shall  then  have 


^ :  T  ::  L  :  360°, 
fVjs.  i- =-7x360°. 


T 


But  in  the  practical  solution  of  this  problem  a  difficulty  is  presented 
which  has  conferred  historical  celebrity  upon  the  question,  and 
caused  it  to  be  referred  to  as  the  type  of  all  difficult  enquiries.  It 
is  supposed,  in  what  has  just  been  explained,  that  means  are  pro- 
vided at  the  two  places  p  and  p'  by  which  the  absolute  moments  of 
the  transit  of  the  star  over  the  respective  meridians  may  be  ascer- 
tained, so  as  to  give  the  exact  interval  between  them.  If  these  times 
of  transit  be  observed  by  any  form  of  chronometer,  it  would  then  be 
necessary  that  the  two  chronometers  should  be  in  exact  accordance, 
or,  what  is  the  same,  that  their  exact  difference  may  be  known. 
If  a  chronometer,  set  correctly  by  another  which  is  stationary  at 
one  place  p,  be  transported  to  the  other  place  p',  this  object  will  be 
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attained,  subject,  however,  to  the  error  which  may  be  incidental  to 
the  rat«  of  the  chronometer  thus  transported.  If  the  distance  be- 
tween the  places  be  not  considerable,  the  chronometers  may  thus 
be  brought  into  veiy  exact  accordance ;  but  when  the  distance  is 
great,  and  that  a  long  interval  must  elapse  during  the  transport 
of  the  chronometer,  this  expedient  is  subject  to  errors  too  con- 
siderable to  be  tolerated  in  the  solution  of  a  problem  of  such  capital 
importance.* 

It  will  be  apparent  that  the  real  object  to  be  attained  is,  to  find 
some  phenomenon  sufficiently  instantaneous  in  its  manifestation  to 
mark,  with  all  the  necessary  precision,  a  certain  moment  of  time. 
Such  a  phenomenon  would  be,  for  example,  the  sudden  extinction 
of  a  conspicuous  light  seen  at  once  at  both  places.  The  moment 
of  such  a  phenomenon  being  obser\'ed  by  means  of  two  chrono- 
meters nt  the  places,  the  diflierence  of  the  times  indicated  by  them 
would  be  known,  and  they  would  then  serve  for  the  determination 
of  the  diiference  of  the  longitudes  by  the  method  explained  above. 
Several  phenomena,  both  terrestrial  and  celestial,  have  accordingly 
been  used  for  this  purpose.  Among  the  former  may  be  mentioned 
the  sudden  extinction  of  the  oxyhydrogen  or  electric  light,  the  ex- 
plosion of  a  rocket,  &c. ;  among  the  latter,  the  extinction  of  a  star 
by  the  disk  of  the  moon  passing  over  it,  and  the  eclipse  of  the 
satellites  of  Jupiter,  phenomena  which  will  be  more  fully  noticed 
hereafter. 

121.  Ziunar  method  of  finding  the  longitude. — The  change 
of  positir)n  of  the  moon  ^vith  relation  to  the  sun  and  stars  being 
very  rapid,  afibrds  another  phenomenon  which  has  been  found  of 
great  utility  in  the  dett»nnination  of  the  longitude,  especially  for 
the  purposes  of  mariners.  Tables  are  calculated  in  which  the 
moon's  apparent  distances  from  the  sun,  and  many  of  the  most 
conspicuous  fixed  stars,  ai-e  given  for  sliort  intervals  of  time,  and 
the  exact  times  at  Greenwich  when  the  moon  has  these  dist»mces 
are  given.  If  then  the  mariner,  obsen'ing  with  proper  instruments 
the  position  of  the  moon  with  relation  to  these  objects,  compares 
his  observed  distances  with  the  tables  which  are  supplied  to  him  in 
the  Nautical  Almanac,  he  will  find  the  time  at  Greenwich  corres- 
ponding to  the  moment  of  his  obser\'ation ;  and  being  always,  by 
the  ordinary  methods,  able  to  determine  by  observation  tlie  local 
time  at  the  place  of  his  observation,  the  difference  gives  him  the 
time  required  for  a  star  to  pass  from  the  meridian  of  Greenwich  to 

•  Daring  the  determination  of  the  lonf;itU(ie  of  the  island  of  Valencia,  on 
the  western  coast  of  Ireland,  in  the  year  1844,  which  was  performed  by 
transporting  a  considerable  number  of  chronometers  between  Greenwich  and 
that  islanil,  it  was  found  that  the  effect  of  travelling  on  pocket  chronometers, 
carefully  packed,  was  to  cause  them  to  lose  0*7  per  day  over  their  stationary 
rates. 
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the  meridian  of  the  place  of  hia  obeenratkni;  or  vice  vends  and  t]«a 
time  gives  the  longitude,  aa  already  explained* 
This  last  is  known  as  the  Lukab  xexhod  of  DBiBBiinnKG  thx 

LONGITUDE. 

In  practice^  man}'  details  are  neceasaiy,  and  variona  calculationa 
must  be  made,  which  cannot  be  explained  here. 

122.  acettiod  by  tlie  electric  tclcprapli.  —  The  determina- 
tion of  differences  of  longitude  by  the  aid  of  galvanism;  when  th^ 
two  ob8er\'ing  stations  are  connected  by  a  line  of  electric  telegraphy 
has  been  generally  adopted  since  the  year  1853,  °^^  ^°^7  ^^^  ^^ 
simplicity  of  the  method  of  observation,  but  for  the  great  accuracy 
of  the  result  obtained*  A  galvanic  signal  is  transmitted  from 
one  station  to  the  other,  causing  a  simultaneous  deflection  of  the 
needles  ot  the  galvanometers  at  the  two  stations,  the  clock-time 
being  recorded  by  an  observer.  These  signtds  are  generally  con- 
tinued through  an  interval  of  time  previously  agreed  upon,  which 
in  most  cases  is  one  hour.  To  destroy  the  etlect  of  a  constant  error 
arising  from  the  retardation  of  the  galvanic  current,  which  would 
result  if  all  the  signals  were  sent  from  one  station,  it  is  the  general 
rule  that  during  the  first  quarter  of  an  hour  the  signals  are  made 
at  one  station,  as  at  Greenwich  for  instance :  during  the  second 
quai'ter  they  are  transmitted  from  the  other  station,  such  as  Paris : 
in  the  third  quarter,  Greenwich  would  signal ;  and  in  the  last,  the 
signals  would  be  received  from  Paris. 

The  true  sidereal  time  at  which  the  signal  was  observed  is  found 
by  cnrif fully  determining  the  error  of  the  clock  by  transits  of  a. 
series  of  special  stars  which  are  observed  if  possible  at  the  two  ob- 
servatories. The  difference  of  longitude  is  thus  easily  obtained  by 
simply  taking  the  dill'erence  between  the  sidereal  times  correspond- 
ing to  the  respective  signals  observed  at  the  two  stations. 

The  telegraphic  method  has  been  successfully  employed  in 
many  important  determinations,  especially  on  twj  occasions  be- 
tween Europe  and  America,  and  more  recently  between  Porth- 
cumo,  Cornwall,  and  the  transit  of  Venus  station  on  Mokattam 
Heights,  near  Cairo.  In  the  latter,  the  Mpmals  were  passed  with 
the  greatest  success  through  3 1 80  miles  of  cable,  without  any  break 
of  continuity,  the  retardation  of  the  current  being  about  i»*3. 

123.  Parallels  of  latitude. — A  series  of  points  on  the  earth 
which  are  at  equal  distances  from  the  equator,  or  which  have  the 
same  latitude,  form  a  circle  parallel  to  the  equator^  called  a 

PARALLEL  OP  LATITUDB. 

Thus  all  places  which  have  the  same  latitude  are  on  the  same 
parallel. 

All  places  which  are  on  the  same  meridian  have  the  same  longi- 
tude. 
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CHAPTER  VII. 

ANNUAL  MOTION  5[>P  THK  EAKTII. 

124.  Apparent  motloii  of  tlie  snn  in  tlie  beavens. — Inde- 
pendently of  the  motion  which  the  sun  has  in  common  with  the 
entire  firmament,  and  in  Wrtue  of  wliich  it  rises,  ascends  to  the 
meridian,  and  sets,  it  is  observed  to  change  its  position  from  day  to 
day  with  relation  to  the  otlier  celestial  objects  among  which  it  is 
placed.  In  this  respect,  therefore,  it  diflers  essentidly  from  the 
stars,  which  maintain  their  relative  positions  for  months^  years, 
and  ages^  unaltered. 

If  the  exact  position  of  the  sun  be  observed  from  day  to  day  and 
fix)m  month  to  month,  through  the  year,  with  reference  to  the 
stars,  it  will  be  found  that  it  has  an  apparent  motion  among  them 
in  a  great  circle  of  the  celestial  sphere,  the  plane  of  which  forms 
an  angle  of  23®  28'  with  the  plane  of  the  celestial  equator. 

125.  Ascertained  bj*  tbe  transit  instrument  and  mural 
circle. — This  appai*ent  motion  of  the  sun  was  ascertained  with 
considerable  precision  before  the  invention  of  the  telescope  and  the 
i»iil)j»equent  and  consequent  improvement  of  the  instniments  of 
observation.  It  muy,  however,  be  made  more  clearly  manifest  by 
the  transit  instrument  and  mural  circle. 

if  the  transit  of  the  sim  be  observed  daily  (28),  and  its  right 
ascension  be  ascertained  (3 1),  it  will  be  found  that  from  day  to  day 
the  right  ascension  contiumilly  increases,  so  tliat  the  circle  of  de- 
clination (30)  passing  through  the  centre  of  the  sim  is  carried  with 
the  sun  round  the  heavens,  making  a  complete  revolution  in  a  year, 
and  moving  constantly  from  west  to  east,  or  in  a  direction  contrary 
to  the  apparent  diurnal  motion  of  the  firmament. 

If  the  point  at  which  the  sun's  ceiitre  crosses  tlie  meridian  daily 
be  observed  with  the  mural  circle  (34),  it  will  be  found  to  chau;.'e 
from  day  to  day.  Let  its  distance  from  the  celestial  equator,  or 
its  declination,  be  observed  ('41)  daily  at  noon.  It  will  be  found 
to  be  nothing  on  the  21st  of  ^Morch  and  21st  of  September,  on 
which  days  the  polar  distance  of  the  sun's  centre  will  be  therefore 
90°.  The  sun's  centre  is,  then,  on  these  days,  in  the  celestial 
equator.  After  the  2 1  st  of  March  the  sun's  centre  will  be  north  of 
the  equator,  and  its  declination  will  continually  increase,  until  it 
becomes  23**  28'  on  the  2 1  st  of  .Tune.  It  will  then  bejrin  slowly  to 
decrease,  and  will  continue  to  decrease  until  the  2 1  st  of  September, 
when  the  centre  of  the  sun  will  a«rain  be  in  the  equator.  After  that 
it  will  pass  the  meridian  south  of  the  equator,  and  will  consequently 
have  south  declination.     This  will  increase,  until  it  becomes  23^28' 
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on  the  2 1  at  of  December ;  after  which  it  will  decrease  until  the 
centre  of  the  sun  returns  to  the  equator  on  the  2ist  of  March. 

By  ascertaining  the  position  of  the  centre  of  the  sun's  disk  from 
day  to  day,  by  means  of  its  riirht  ascension  and  declination  (.42), 
and  tracing  its  course  upon  the  surface  of  a  celestial  globe,  its  path 
is  proved  to  be  a  great  circle  of  the  heavens^  inclined  to  the 
equator  at  an  angle  of  23°  28^ 

126  The  eollptlo. — This  great  circle  in  which  the  centre  of 
the  disk  of  the  sun  thus  appears  to  move,  completing  its  revolution 
in  it  in  a  year,  is  called  the  ecliptic,  because  solar  and  lunar  eclipses 
can  never  take  place  except  when  the  moon  is  in  or  very  near  it. 

127.  The  eqninoxua  points.  —  The  ecliptic  intersects  the  4 
celestial  equator  at  two  points  diametrically  opposite  to  each  other, 
dividing  the  equator,  and  being  divided  by  it  into  equal  parts. 
These  are  called  the  EatJiNoxiAL  points,  because,  when  the  centre 
of  the  solar  disk  arrives  at  them,  being  then  in  the  celestial 
equator,  the  sun  will  be  equal  timos  above  and  below  the  horizon 
(119),  and  the  days  and  nights  will  be  equal. 

1 28.  The  Temal  and  antnmnal  eqninoxes. — ^The  oquinoxial 
point  at  which  the  sun  passes  from  the  south  to  the  noi-tb  of  the 
celestial  equator  is  called  the  vernal,  and  that  at  which  it  passes 
from  the  north  to  the  south  is  called  the  autumnal,  equinoxial 
point.  The  times  at  which  the  centre  of  the  sun  is  found  at 
these  points  are  called,  respectively,  the  vernal  and  autumnal 

EQUINOXES. 

The  vernal  equinox,  therefore,  takes  place  on  the  2 1  st  of  March, 
and  the  autumnal  on  the  2 1  st  of  September. 

129.  The  seasons. — That  semicircle  of  the  ecliptic  thiT)ugh 
which  the  sun  moves  from  the  vernal  to  the  autunmal  equinox  is 
north  of  the  celestial  equator ;  and  during  that  internal  the  sun 
will  therefore  be  longer  above  than  below  the  horizon,  and  will 
pass  the  meridian  above  the  equator  in  places  having  north  lati- 
tude. The  days,  therefore,  duiing  that  half-year  will  be  longer 
than  the  nights. 

That  semicircle  through  which  the  centre  of  the  sun  moves  from 
the  autumnal  to  the  vernal  equinox  being  south  of  the  celestial 
equator,  the  sun,  for  like  reasons,  will  during  that  half-year  be 
longer  below  than  above  the  horizon,  and  the  days  will  be  shorter 
than  the  nights,  the  sun  rising  to  a  point  of  the  mei-idiau  below 
the  equator. 

The  three  months  which  succeed  the  vernal  equinox  ai'e  called 
SPRING,  and  those  which  precede  it  winter;  the  three  months 
which  precede  the  autumnal  equinox  are  called  summer,  and  those 
which  succeed  it  autumn. 
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130.  The  solstlees. — Those  points  of  the  ecliptic  which  are 
midwaj  between  the  equinoxial  points  are  the  most  distant  from 
the  celestial  equator.  The  axes  of  the  ecliptic  between  these  points 
and  the  equinoxial  points  are  therefore  90^.  These  are  called  the 
80LSTinA.L  ponrrs,  and  the  times  at  which  the  centre  of  the  solar 
disk  passes  through  them  are  called  the  solstices. 

The  summer  solstice^  therefore^  takes  place  on  the  21st  of  June 
and  the  winter  solstice  on  the  2 1  st  of  December. 

This  distance  of  the  simimer  solstitial  point  north^  and  of  the 
winter  solstitial  point  south  of  the  celestial  equator  is  23^  28'. 

The  more  distant  the  centre  of  the  sun  is  from  the  celestial 
equator^  the  more  unequal  will  be  the  days  and  nights  (108),  and 
consequently  the  longest  day  will  be  the  day  of  the  sununer  solstice^ 
and  the  shortest  the  day  of  the  winter  solstice. 

It  will  be  evident  that  the  seasons  must  be  reversed  in  southern 
latitudes,  since  there  the  visible  celestial  pole  will  be  the  south 
pole.  The  summer  solstice  and  the  vernal  equinox  of  the  northern, 
are  the  winter  solstice  and  autumnal  equinox  of  the  southern  hemi- 
sphere. Nevertheless,  as  the  most  densely  inhabited  and  civilised 
parts  of  the  globe  are  in  the  northern  hemisphere,  the  names  in  n*- 
ference  to  the  local  phenomena  are  usually  preserved. 

131.  The  zodiac. — The  apparent  motions  of  the  planets  are 
included  within  a  space  of  the  celestial  sphere  extending  a  few  de- 
grees north  and  south  of  the  ecliptic.  The  zone  of  the  heavens  in- 
cluded within  these  limits  is  called  the  zodiac. 

132.  The  Sigma  of  the  zodiac. — The  circle  of  the  zodiac  is 
divided  into  twelve  equal  parts,  called  signs,  each  of  whicli  there- 
fore measures  30°.  Tliey  are  named  from  principal  constellations, 
or  groups  of  stars,  which  are  placed  in  or  near  them.  Beginning 
from  the  vernal  equinoxial  point  they  are  as  follows:  — 


1. 

Ariel  (the  ram)      - 

sign. 

-    T» 

7.  I.il>ra(ihe  bal'ncft) 

». 

Taurus  (the  bull)  • 

-     « 

8.  Storpjo  (the  sroipion) 

3. 

Gemini  (the  twins) 

-    n 

9.  Sagittarius  (.the  nrcher) 

4- 

Cancer  (the  crab)  - 

:!! 

10  Caprlcorniis  (th«  goat) 

1: 

L^  (the  lion) 

II  Ac^uarhis  (thp  wafermun) 

Virgo  (the  Tirgin) 

-    '«i 

iz.  Pisces  (the  fishes) 

Sign. 

-  i 

-  V? 

-  K 


Thus,  the  position  of  the  vernal  equinoxial  point  is  the  first 
POINT  OF  ARIES,  and  that  of  the  autunmnl  the  first  point  op 
LIBRA.  The  siminicr  solstitial  point  is  at  the  first  point  of  cancer, 
and  the  winter  at  the  first  point  of  Capricorn. 

133.  The  tropics. — The  points  of  the  ecliptic  at  which  the 
centre  of  the  sun  is  most  distant  from  the  celestial  equator  are  also 
called  the  tropics, — the  northern  being  the  tropic  of  cancer,  and 
the  southern  the  tropic  of  Capricorn. 
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This  tenn  tropic  is  also  applied  in  geography  to  those  parts  of 
the  earth  whose  distances  from  the  terrestrial  equator  are  equal  to 
the  greatest  distance  of  the  centre  of  the  solar  disk  from  the  celestial 
equator.  The  northern  tropic  is,  therefore,  a  parallel  of  latitude 
23**  28'  north,  and  the  southern  tropic  a  parallel  of  latitude  23® 
28'  south  of  the  teiTestrial  equator. 

134.  Celestial  istitode  and  lonrttnde.  —  The  terms  latitude 
and  longitude,  as  applied  to  objects  on  the  heavens,  have  a  signi- 
fication different  from  that  given  to  them  when  applied  to  places 
upon  the  earth.  The  latitude  of  an  object  on  the  heavens  means  its 
distance  from  the  ecliptic,  measured  in  a  direction  perpendicular  to 
the  ecliptic ;  and  its  longitude  is  the  arc  of  the  ecliptic,  between  the 
first  point  of  Aries  and  the  circle  which  measures  its  latitude,  taken, 
like  the  right  ascension,  according  to  the  order  of  the  signs. 

Thus  since  the  centre  of  the  sun  is  always  on  the  ecliptic,  its  lati- 
tude is  always  0°.  At  the  vernal  equinox  its  longitude  is  0°,  at 
the  summer  solstice  it  is  90^^  at  the  autumnal  equinox  1 80°,  and  at 
the  winter  solstice  270°. 

135.  Annnal  nsotioii  of  tbe  eartli. — The  apparent  annual 
motion  of  the  sun,  described  above,  is  a  phenomenon  which  can  only 
proceed  from  one  or  other  of  two  causes.  It  may  arise  from  a 
i^al  annual  revolution  of  the  sun  round  the  earth  at  rest,  or  from  a 
real  revolution  of  the  earth  round  the  sun  at  rest.  Either  of  these 
causes  would  explain,  in  an  equally  satisfactory  manner,  all  the  cir- 
cumstances attending  the  apparent  annual  motion  ofthe  sun  around 
the  firmament.  There  is  nothing  in  the  appearance  of  the  sun  itself 
which  could  give  a  greater  probability  to  either  of  these  hypotheses 
than  to  the  other.  If,  therefore,  we  are  to  choose  between  them, 
we  must  seek  the  grounds  of  choice  in  some  other  circumstances. 

It  was  not  until  the  revival  of  letters  that  the  annual  motion  of 
the  earth  was  admitted.  Its  apparent  stability  and  repose  were 
until  then  univei*sally  maintained.  An  opinion  so  long  and  so 
deeply  rooted  must  have  had  some  natural  and  intelligible  groimds. 
These  grounds,  undoubtedly,  are  to  be  found  only  in  the  general 
impression,  that  if  the  globe  moved,  and  especially  if  its  motion  had 
so  enormous  a  velocity  as  must  be  imputed  to  it,  on  the  supposition 
that  it  moves  annually  round  the  sun,  we  must  in  some  way  or  other 
be  sensible  of  such  movement. 

All  the  reasons,  however,  why  we  are  imconscious  of  the  real 
rotation  of  the  earth  upon  its  axis  (102)  are  equally  applicable  to 
show  why  we  must  be  unconscious  of  the  progressive  motion  of 
the  earth  in  its  annual  course  roimd  the  sun.  The  motion  of  the 
globe  through  space  being  perfectly  smooth  and  uniform,  we  can 
have  no  sensible  means  of  knowing  it,  except  those  which  we  possess 
in  the  case  of  a  boat  moving  smoothly  along  a  rivex:  that  is,  by 
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looking  abroad  at  some  external  objects  which  do  not  participate  in 
the  motion  imputed  to  the  earth.  Now,  when  we  do  look  abroad 
at  such  objects,  we  find  that  they  appear  to  move  exactly  as  sta- 
tionary objects  would  appear  to  move,  seen  from  a  movable  station. 
It  is  plain,  then,  if  it  be  true  that  the  earth  really  has  the  annual 
motion  roimd  the  sun  which  is  contended  for,  that  we  cannot  expect 
to  be  conscious  of  this  motion  from  anything  which  can  be  observed 
on  our  own  bodies  or  those  which  surround  us  on  the  surface  of  the 
earth :  we  must  look  for  it  elsewhere. 

But  it  will  be  contended  that  the  apparent  motion  of  the  sun, 
even  upon  the  argument  just  stated,  may  equally  be  explained  by 
the  motion  of  the  earth  round  the  sun,  or  the  motion  of  the  sun 
round  the  earth ;  and  that,  therefore,  this  appearance  can  still  prove 
nothing  positively  on  this  question.  We  have,  however,  other 
proofs,  of  a  very  decisive  character. 

Newton  showed  that  it  was  a  general  law  of  nature,  and  part, 
in  fact,  of  the  principle  of  gravitation,  that  any  two  globes  placed 
at  a  distance  from  each  other,  if  they  are  in  the  first  instance 
quiescent  and  free,  must  move  with  an  accelerated  motion  to  their 
common  centre  of  gra\'ity,  where  they  will  meet  and  coalesce ;  but 
if  they  be  projected  in  a  direction  not  passing  through  this  centre  of 
gravity,  they  will  both  of  them  revolve  in  orbits  around  that  point 
periodically. 

Now  the  common  centre  of  gravity  of  the  earth  and  sun,  owing 
to  the  immense  preponderance  of  the  mass  of  the  sun  (M.309  ),  is 
placed  at  a  point  very  near  the  centre  of  the  sun.  Round  that, 
point,  therefore,  the  earth  must,  according  to  this  principle, 
revolve. 

136.  Motion  of  liffht  proves  tlie  annnal  motloii  of  tbe  eartb. 
—  Since  the  principle  of  gravitation  itself  miglit  be  considered  as 
more  or  less  hypothetical,  it  lias  been  considered  desirable  to  find 
other  independent  and  more  direct  proofs  of  a  phenomenon,  so 
fundamentally  important  and  so  contrary  to  the  first  impressions  of 
mankind,  as  the  i-uvolution  of  the  earth  and  the  quiescence  of 
the  Sim.  A  remarkable  evidence  of  this  motion  has  been  accordingly 
discovered  in  a  vast  body  of  apparently  complicated  phenomena 
which  are  the  immediate  eflects  of  such  a  motion,  which  could  not 
be  explained  if  the  earth  were  at  rest  and  the  sun  in  motion,  and 
which  would  be  inexplicable  on  any  other  supposition  save  the 
revolution  of  the  earth  roimd  the  sun. 

It  has  been  ascertained  that  light  is  propajrated  through  space 
with  a  certain  great  but  definite  velocity  of  about  1 84,000  miles 
per  second.  That  light  has  this  velocity  is  proved  by  the  body  of 
optical  phenomena  which  cannot  be  explained  without  imputing 
to  it  such  a  motion,  and  which  are  perfectly  explicable  if  such  a 
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motion  be  admitted.  Independently  of  this,  another  demonstration 
that  light  moves  with  this  velocity  is  supplied  by  an  astronomical 
phenomenon  which  will  be  noticed  in  a  subsequent  part  of  this 
volume. 

137.  Aberratton  of  Itflit.  —  Assuming,  then,  the  velocity  of 
light,  and  that  the  earth  is  in  motion  in  an  orbit  round  the  sun  with  a 
velocity  of  about  1 9  miles  per  second,  which  must  be  its  speed  if  it 
move  at  all,  as  will  hereafter  appear,  an  effect  would  be  produced 
upon  the  apparent  places  of  all  celestial  objects  by  the  combination 
of  these  two  motions  which  we  shall  now  explain. 

It  has  been  stated  that  the  apparent  direction  of  a  visible  object 
is  the  direction  from  which  the  visual  ray  enters  the  eye.  Now 
this  will  depend  on  the  actual  direction  of  the  ray,  if  the  eye  which 
receives  it  be  quiescent ;  but  if  the  eye  be  in  motion,  the  same  effect 
is  produced  upon  the  organ  of  sense  as  if  the  ray,  besides  the  motion 
which  is  proper  to  it,  had  another  motion  equal  and  contrary  to  that 
of  the  eye.  Thus,  if  light  moving  from  the  north  to  the  south  with 
a  velocity  of  l84,cxx>  miles  per  second  be  struck  by  an  eye  moving 
from  west  to  east  with  the  same  velocity,  the  effect  produced  by  the 
light  upon  the  organ  will  be  the  same  aa  if  the  eye,  being  at  rest, 
were  struck  by  the  light  having  a  motion  compounded  of  two 
equal  motions,  one  from  north  to  south,  and  the  other  from  east 
to  west.  The  direction  of  this  compound  effect  would,  by  the 
principles  of  the  composition  of  motion  (M.  1 72),  be  equivalent  to  a 
motion  from  the  direction  of  the  north-east.  The  object  from  which 
the  light  comes  would,  therefore,  be  apparently  displaced,  and 
would  be  seen  at  a  point  beyond  that  which  it  really  occupies  in  the 
direction  in  which  the  eye  of  the  observer  is  moved.  This  displace- 
ment is  called  accordingly  the  abebbation  of  light. 

This  may  be  made  still  more  evident  by  the  following  mode  of 
illustration.  Let  o,Jiff.  36,  be  the  object  from  which  light  comes  in 
the  direction  0  o  c".  Let  e  be  the  place  of  the  eye  of  the  obser\'er 
when  the  light  is  at  o,  and  let  the 'eye  be  supposed  to  move 
fi*om  c  to  c"  in  the  same  time  that  the  light  moves  from  o  to  e^\ 
Let  a  straight  tube  be  imagined  to  be  directed  from  the  eye  at  e  to 
the  light  at  o,  so  that  the  light  shall  be  in  the  centre  of  its  opening, 
while  the  tube  moves  with  the  eye  from  0  c  to  (/'  e"  maintaining 
constantly  the  same  direction,  and  remaining  parallel  to  itself :  the 
light  in  moving  from  o  to  e^%  will  pass  along  its  axis,  and  will  arrive 
at  c"  when  the  eye  arrives  at  that  point.  Now  it  is  evident  that 
in  this  case  the  direction  in  which  the  object  would  be  visible, 
would  be  the  direction  of  the  axis  of  the  tube,  so  that,  instead  of 
appearing  in  the  direction  o  0,  which  is  its  true  direction,  it  would 
appear  in  the  direction  o  0'  advanced  from  o  in  the  direction  of 
the  motion  e  tf^  with  which  the  observer  is  afiected. 
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The  motion  of  light  being  at  the  rate  of  1 84,000  miles  per 
second,  and  that  of  the  earth  (if  it  move  at  all)  at  the  rate  of  19 
miles  per  second,  it  follows,  that  the  pro-     ^ 
portion  of  oe"  to  ee'^  must  be  184,000  to      \  ; 

19,  or  10,200  to  I.  \  \ 

The  ANGLE  OP  ABEBBATioN  o  o  o'  will  vary       \  • 

with  the  obliquity  of  the  direction  ec"of  the         \  • 

observer's  motion  to  that  of  the  visual  ray  \         \ 

otf\     In  all  cases  the  ratio  of  0  e"  to  ec"  \         ; 

will  be  10,200  to  I.    If  the  direction  of  the  \        \ 

earth's  motion  be  at  right  angles  to  the  di-  \       • 

rection  0  e"  of  the  object  o,  we  shall  have  \      \ 

the  aberration  equal  to  20"'44.  \     \ 

If  the  angle  oc"«  be  oblique,  it  will  be  \    \ 

necessary  to  reduce  e  c"to  its  component  at  \    : 

right  angles  to  o  c",  which  is  done  by  multi-  \  • 

plying  it  by  the  trigonometrical  sine  of  the  \  • 

obliquity  o  e"  e  of  the  direction  of  the  object  ^  \; 

to  that  of  the  earth's  motion.  \  ^V 

According  to  this,  the  aberration  would  \\\ 

be  greatest  when  the  direction  of  the  earth's  \ \\ 

motion  is  at  right  angles  to  that  of  the  object,  \\\ 

and  would  decrease  as  the  angle  of  obliquity  \\\ 

decreases,  being  nothing  when  the  object  is  \\\ 

seen  in  the  direction  in  which  the  earth  is  V^V 

moving,  or  in  exactly  the  contrary'  direction.  p.    16  *  *  * 

The  phenomena  may  also  be  imajrined  by 
considering  that  the  earth,  in  revolving  round  the  sun,  constantly 
changes  the  direction  of  its  motion  ;  tliat  direction  making  a  com- 
plete revolution  with  the  earth,  it  follows  that  the  effect  produced 
upon  the  apparent  place  of  a  distant  object  would  be  the  same  as  if 
that  object  really  revolved  once  in  a  year  round  its  true  place  in  a 
circle  whose  plane  would  be  parallel  to  that  of  the  earth's  orbit, 
and  whose  radius  would  subtend  at  the  earth  an  angle  of  20"  '42, 
and  the  object  would  be  always  seen  in  such  a  circle  90°  in  advance 
of  the  earth's  place  in  its  orbit. 

These  circles  would  be  reduced  by  projection  to  ellipses  of 
infinitely  various  excentricities,  according  to  the  position  of  the 
object  with  relation  to  the  plane  of  the  earth's  orbit.  At  a  point 
perpendicularly  above  that  plane,  the  object  would  appear  to  move 
annually  in  an  exact  circle.  At  points  nearer  to  the  ecliptic,  its 
apparent  path  would  be  an  ellipse,  the  excentricity  of  which  would 
increase  as  the  distance  from  the  ecliptic  would  diminish,  according 
to  definite  conditions. 

Now,  all  these  apparent  motions  are  actually  obser\'ed  to  affect 
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all  the  bodies  visible  on  the  heavens,  and  to  affect  them  in  precisely 
the  degree  and  direction  which  would  be  produced  bj  the  annual 
motion  of  the  earth  round  the  sun. 

As  the  supposed  motion  of  the  earth  round  the  sun  completely 
and  satisfactorily  explains  this  complicated  body  of  phenomena 
called  aberration,  while  the  motion  of  the  sun  roimd  the  earth  would 
altogether  fail  to  explain  them,  they  afford  another  striking  evidence 
of  the  annual  motion  of  the  earth. 

138.  Armament  flrom  analogy. — Another  argument  in  favour 
of  the  earth's  annual  motion  roimd  the  sim  is  taken  from  its  analogy 
to  the  planets,  to  all  of  which,  like  the  earth,  the  sun  is  a  source  of 
light  and  heat,  and  all  of  which  revolve  roimd  the  sun  as  a  centre, 
having  days,  nights,  and  seasons  in  all  respects  similar  to  those 
which  prevail  upon  the  earth.  It  seems,  therefore,  contrary  to  all 
probability,  that  the  earth  alone,  being  one  of  the  planets,  and  by 
no  means  the  g^atest  in  magnitude  or  physical  importance,  should 
be  a  centre  round  which  not  only  the  sun,  but  all  the  other  planets, 
should  revolve. 

1 39.  The  dinmal  and  annnal  pbenomena  explained  by 
the  two  motions  of  the  earth.^ — Considering,  then^  the  annual 
revolution  of  the  earth,  as  well  as  its  diurnal  rotation,  established^ 
it  remains  to  show  how  these  two  motions  will  explain  the  various 
phenomena  manifested  in  the  succession  of  seasons. 


Fig.  $8. 


While  the  earth  revolves  annually  around  the  sun,  it  has  a  motion 
of  rotation  at  the  same  time  upon  a  certain  diameter  as  an  axis, 
which  is  inclined  from  the  perpendicular  to  its  orbit  at  the  angle  of 
23°  28'.  During  the  annual  motion  of  the  earth  this  diameter 
keeps  continually  parallel  to  the  same  direction,  and  the  earth  com- 
pletes its  revolution  upon  it  in  twenty-three  hours  and  fifty-six 
minutes.  In  consequence  of  the  combination  of  this  motion  of  ro- 
tation of  the  earth  upon  its  axis  with  its  annual  motion  around  the 
sun,  we  are  supplied  with  the  altemations  of  day  and  night,  and  the 
succession  of  seasons. 

When  the  globe  of  the  earth  is  in  such  a  position  that  its  north 
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pole  is  turned  towards  the  sun,  the  g^reater  portion  of  its  northern 
hemisphere  is  enlightened,  and  the  greater  portion  of  the  southern 
hemisphere  is  dark.  This  position  is  represented  in^.  37,  where 
N  is  the  north  pole,  and  s  the  south  pole.  The  days  are  therefore 
longer  than  the  nights  in  the  northern  hemisphere.  The  reverse  is 
the  case  with  the  southern  hemisphere,  for  there  the  greater  seg- 
ments of  the  parallels  are  dark,  and  the  lesser  segments  enlightened ; 
the  days  are  therefore  shorter  than  the  nights.  Upon  the  equator, 
however,  at  je,  the  circle  of  the  earth  is  equaUy  divided,  and  ihe  days 
and  nights  are  equaL  When  the  south  pole  is  turned  towards  the 
sun,  which  it  does  exactly  at  the  opposite  point  of  the  earth's  annual 
orbit,  circumstances  are  reversed ;  tiien  the  days  are  longer  than  the 
nights  in  the  southern  hemisphere,  and  the  nights  are  longer  than 
the  days  in  the  northern  hemisphere.  At  the  intermediate  points 
of  the  earth's  annual  path,  when  the  axis  assumes  a  position  perpen- 
dicular to  the  direction  of  the  sun,^^.  38,  then  the  circle  of  light 
and  darkness  passes  through  the  poles ;  all  parallels  in  every  part  of 
the  earth  are  equally  divided,  and  there  is  consequently  equal  day 
and  night  all  over  the  globe. 

In  the  annexed  perspective  diagram,^.  39,  these  four  positions 
of  the  earth  are  exhibited  in  such  a  manner  as  to  be  clearly  in- 
telligible. 


,^^nrA.aj^ 
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In  this  diagram,  the  observer  is  supposed  to  view  the  earth 
from  the  north  side  of  tlie  ecliptic,  therefore,  on  the  21st  of  June, 
the  north  or  upper  pole  is  turned  in  the  direction  of  the  sun ;  on 
the  2 1 8t  of  December,  the  south  or  lower  pole  is  turned  in  that 
direction.  On  the  days  of  the  equinoxes,  the  axis  of  the  earth 
is  at  right  angles  to  the  direction  of  the  sim,  and  it  is  equal  da^ 
and  night  everywhere  on  the  earth, ' 
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The  annual  variation  of  the  position  of  the  sun  with  reference 
to  the  equator^  or  the  changes  ot  its  declination,  are  explained  by 
these  motions.  The  summer  solstice — the  time  when  the  sun*s 
distance  &om  the  equator  is  the  greatest — takes  place  when  the 
north  pole  is  turned  towards  the  sun ;  and  the  winter  solstice — or 
the  time  when  the  sun's  distance  south  of  the  equator  is  greatest — 
takes  place  when  the  south  pole  is  turned  toward  the  sun. 

In  virtue  of  these  motions,  it  follows  that  the  sun  is  twice  a  year 
vertical  at  all  places  between  the  tropics ;  and  at  the  tropics  them- 
selves it  is  vertical  once  a  year.  In  all  higher  latitudes  the  point 
at  which  the  sun  passes  the  meridian  daily  alternately  approaches 
to  and  recedes  from  the  zenith.  From  the  2  ist  of  December  until 
the  2 1  St  of  June,  the  point  continually  approaches  the  zenith.  It 
comes  nearest  to  the  zenith  on  the  21st  of  June;  and  from  that 
day  until  the  2 1  st  of  December,  it  continually  recedes  from  the 
zenith,  and  attains  its  lowest  position  on  the  latter  day.  The  dif- 
ference, therefore,  between  the  meridional  altitudes  of  the  sun  on 
the  days  of  the  summer  and  winter  solstices  at  all  places  will  be 
twice  twenty-three  degrees  and  twenty-eight  minutes,  or  forty-six 
degrees  and  fifty-six  minutes.  In  all  places  beyond  the  tropics  in 
the  northern  hemisphere,  therefore,  the  sun  rises  at  noon  on  the  2 1  st 
of  June,  forty-six  degrees  and  fifty-six  minutes  higher  than  it  rises 
on  the  2 1  st  of  December.  These  are  the  limits  of  meridional  altitude 
which  determine  the  influence  of  the  sun  in  different  places. 
•  140.  Mean  solar  or  civil  time. — It  has  been  explained  that 
the  rotation  of  the  earth  upon  its  axis  is  rigorously  uniform,  and  is 
the  only  absolutely  uiliform  motion  among  the  many  and  com- 
plicated motions  observable  on  the  heavens.  This  quality  would 
render  it  a  highly  convenient  measure  of  time,  and  it  is  accordingly 
adopted  for  that  purpose  in  all  observatories.  The  hands  of  a 
sidereal  clock  move  in  perfect  accordance  with  the  apparent  motion 
of  the  firmament 

But  for  civil  purposes,  imiformity  of  motion  is  not  the  only 
condition  which  must  be  fulfilled  by  a  measure  of  time.  It  is 
equally  indispensable  that  the  intervals  into  which  it  divides  dura- 
tion should  be  marked  by  conspicuous  and  universally  obserx-able 
phenomena.  Now  it  happens  that  the  intervals  into  which  tho 
diurnal  revolution  of  the  heavens  divides  duration,  are  marked  by 
phenomena  which  astronomers  alone  can  witness  and  ascertain,  but 
of  which  mankind  in  general  are,  and  must  remain,  altogether 
unconscious. 

141.  Civil  day  —  noon  and  midnigrtat. — iLstronomioal  day. 
—  For  the  purposes  of  common  life,  mankind  by  general  consent  has 
therefore  adopted  the  interval  between  the  successive  returns  of  the 
centre  of  the  sun's  disk  to  the  meridian,  as  the  unit  or  standard 
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measure  of  time.  This  interval^  called  a  civil  bat,  is  divided  into 
24  equal  parts  called  houbs,  which  are  again  subdivided  into 
minutes  and  seconds,  as  already  explained  in  relation  to  sidereal 
time.  The  hours  of  the  civil  day,  however,  are  not  generally 
counted  from  o  to  24  as  in  sidereal  time,  but  are  divided  into  two 
equal  parts  of  1 2  hours,  one  commencing  when  the  centre  of  the  sun 
is  on  the  meridian,  the  moment  of  which  is  called  Noov  or  hiddat, 
and  the  other  1 2  hours  later  when  the  centre  of  the  sun  must  pass 
the  meridian  below  the  horizon,  the  moment  of  which  is  midnight. 

For  civil  purposes,  this  latter  moment  has  been  adopted  as  the 
commencement  of  one  day,  and  the  end  of  the  other. 

In  obseivatories,  and  for  astronomical  convenience  generally,  the 
day  commences  at  noon,  and  ends  at  the  succeeding  noon,  the 
hours  being  counted  from  o**  to  24**.  This  mode  of  reckoning  is 
called  an  Astronomical  dat. 

142.  Bifference  between  mean  solar  and  sidereal  time. — 
A  solar  day  is  evidently  longer  than  a  sidereal  day.  If  the  sun  did 
not  change  its  position  on  the  firmament,  its  centre  would  return  to 
the  meridian  after  the  same  inter\'al  that  elapses  between  the  suc- 
cessive transits  of  a  fixed  star.  But  since  the  sun,  as  has  been 
explained,  moves  at  the  rate  of  about  i  °  per  day  from  west  to  east, 
and  since  this  motion  takes  place  upon  the  ecliptic,  which  is  inclined 
to  the  equator  at  an  angle  of  23^  28',  the  centre  of  the  sun  increases 
its  right  ascension  from  day  to  day,  and  this  increase  varies  according 
to  its  position  on  the  ecliptic.  When  the  circle  of  declination  on 
which  the  centre  of  the  aim  is  placed  at  noon  on  one  day  returns  to 
the  meridian  the  next  day,  the  centre  of  the  sun  will  have  left  it, 
and  will  bo  found  upon  another  circle  of  declination  to  the  east  of 
it ;  and  it  will  not  consequently  come  to  the  meridian  until  a  few 
minutes  later,  when  this  other  circle  of  declination,  by  the  diunial 
motion  of  the  heavens,  shall  come  to  coincide  with  the  meridian. 

Hence  the  solar  day  is  longer  than  the  sidereal  day. 

143.  Bifference  between  apparent  noon  and  mean  noon. 
— But  since,  from  the  cause  just  stated  and  another  which  will  be 
presently  explained,  the  daily  increase  of  the  sun's  right  ascension 
is  variable,  the  difference  between  a  sidereal  day  and  the  int«irval 
between  the  successive  transits  of  the  sun  is  likewise  variable,  and 
thus  it  would  follow  that  the  solar  days  would  be  more  or  less 
unequal  in  length. 

144.  Mean  solar  time  —  Sqnatlon  of  time. — Hence  has 
arisen  an  expedient  adopted  for  civil  purposes  to  efface  this  inequa- 
lity. ^Vn  imaginary  sun  is  conceived  to  accompany  the  true  sim, 
making  the  complete  revolution  of  the  heavens  with  a  rigorously 
uniform  increase  of  right  ascension  from  hour  to  hour,  while  the 
increase  of  right   ascension  of  the   true   sun   thus  varies.    The 
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time  measured  by  the  motion  of  this  imaginary  sun  is  called  ueak 
80LAB  TIME,  and  the  time  measured,  by  the  motion  of  the  true  sun 
is  called  apparent  solab  time. 
The  difference  between  the  apparent  and  mean  solar  time  is  called 

the  "  EQUATION  OF  TIME." 

The  variation  of  the  increase  of  the  sun's  right  ascension  being 
coniined  within  narrow  limits,  the  true  and  imaginary  suns  can 
never  be  far  asunder,  and  consequently  the  difference  between  mean 
and  apparent  time  is  never  considerable. 

The  time  indicated  by  a  sun-dial  is  apparent  time,  that  indicated 
by  an  exactiy  regulated  clock  or  watch  is  mean  time. 

The  correction  to  be  applied  to  apparent  time,  to  reduce  it  to 
mean  time  is  often  engraved  on  sun-dials,  where  it  is  stated  how 
much  *'  the  sun  is  too  fast  or  too  slow.'' 

145.  Btotanoe  of  tlie  son. — Although  the  problem  to  deter- 
mine with  the  greatest  practicable  precision  the  distance  of  the  sun 
fipm  the  earth  is  attended  with  great  difficulties,  many  phenomena 
of  easy  observation  supply  the  means  of  ascertaining  that  this 
distance  must  beai*  a  very  great  proportion  to  the  earth's  diameter, 
or  must  be  such  that,  by  comparison  with  it,  a  line  8000  miles  in 
length  is  almost  a  point.  If,  for  example,  the  apparent  distance  of 
the  centre  of  the  sun  from  any  fixed  star  be  observed  simultane- 
ously from  two  places  upon  the  earth,  no  matter  how  far  they  are 
apart,  no  difference  will  be  discovered  between  them,  unless  means 
of  observation  susceptible  of  extraordinary  precision  be  resorted  to. 
However,  it  may  be  stated  here  that  the  apparent  diameter  of  the 
earth  as  viewed  from  the  sun  amounts  to  no  more  than  1 7 "'9,  or 
about  the  lo8th  part  of  the  apparent  diameter  of  the  sun  as  seen 
from  the  earth.  The  distance  of  the  sun  is  equal  to  about  11,535 
diameters  of  the  earth,  and  amounts  therefore  to  nearly  ninety- 
one  AND  A  HALF  MILLIONS  OF  MILES. 

146.  Orbit  of  the  eartli  ellipticsa. — In  what  precedes,  we 
have  considered  the  path  of  the  earth  around  the  sun,  called  by 
astronomers  its  orbit,  to  be  a  circle,  in  the  centre  of  which  the 
centre  of  the  sun  is  placed.  This  is  nearly  true,  but  not  ex- 
actiy so,  as  will  appear  from  the  following  observed  phenomena. 

Let  a  telescope  supplied  with  micrometric  wires  be  directed  to 


Fig.  40-  Fig.4»-  Fig.  41. 

the  sun,  and  the  wires  so  adjusted  that  they  shall  exactly  touch 
the  upper  and  lower  limbS;  as  in  Jig,  40.     Let  the  observer  then 
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watcli  from  day  to  day  the  appearance  of  the  sun  and  the  podition 
of  the  wires ;  he  will  find  that,  after  a  certain  time,  the  wires  will 
no  longer  touch  the  sun,  but  will  perhaps  faU  a  little  within  it,  as 
represented  in^.  4 1 .  And  after  a  further  lapse  of  time  he  will  find, 
on  the  other  hand,  that  they  fall  a  little  without  it,  as  in^.  42. 

Now,  as  the  wires  throughout  such  a  series  of  observations  are 
maintained  always  in  the  same  position,  it  follows  that  the  disk  of 
the  sun  must  appear  smaller  at  one  time,  and  larger  at  another — 
that,  in  fact,  the  apparent  magnitude  of  the  sun  must  be  variable. 
It  is  true  that  this  yariation  is  confined  within  very  small  limits, 
but  still  it  is  distinctly  perceptible.  "Wliat,  then,  it  may  be  aisked, 
must  be  its  cause  P  Is  it  possible  to  imagine  that  the  sun  realli/ 
undergoes  a  change  in  its  size?  This  idea  would,  under  any  circum- 
stances, be  absurd ;  but  when  we  have  ascertained,  as  we  may  do, 
that  the  change  of  apparent  magnitude  of  the  sun  is  regular  and 
periodical — that  for  one  half  of  the  year  it  continually  diminishes 
until  it  attains  a  minimum,  and  then  for  the  next  half  year  it  .in- 
creases until  it  attains  a  maximum — such  a  supposition  as  that  of  a 
real  periodical  change  in  the  globe  of  the  sun  becomes  altogether 
incredible. 

If,  then,  an  actual  change  in  the  magnitude  of  the  sun  be  impos- 
sible, there  is  but  one  other  conceivable  cause  for  the  change  in 
its  apparent  magnitude — which  is,  a  corresponding  change  in  the 
earth's  distance  from  it.  If  the  earth  at  one  time  be  more  re- 
mote than  at  another,  the  sun  will  appear  proportionally  smaller. 
This  is  an  easy  and  obvious  explanation  of  the  changes  of  appear- 
ance that  are  observed,  and  it  has  been  demonstrated  accordingly  to 
be  the  time  one. 

On  examining  the  change  of  the  apparent  diameter  of  the  sun,  it 
is  found  that  it  is  least  on  the  i  st  of  July,  and  greatest  on  the  3 1  st 
of  December;  that  from  December  to  July,  it  regularly  decreases j 
and  from  July  to  December,  it  regulai-ly  increases. 

Since  the  distance  of  the  earth  from  the  sun  must  increase  in  the 
same  ratio  as  the  appai-ent  diameter  of  the  sun  decreases,  and  vice 
versa  (O.3  5 1 ),  the  variation  of  the  distance  of  the  earth  from  the  sun 
in  every  position  which  it  assumes  in  its  orbit  can  be  exactly  ascer- 
tained. A  plan  of  the  form  of  the  orbit  may  therefore  be  laid  down, 
having  the  point  occupied  by  the  centre  of  the  sun  marked  in  it. 
Such  a  plan  proves  on  geometric  examination  to  be  an  ellipse,  the 
place  of  the  sim  being  one  of  the  foci. 

147.  nsetliod  of  describingr  an  ellipse — Its  foci,  axis,  and 
exoentriclty. — If  the  ends  of  a  thread  be  attached  to  two  points 
less  distant  from  each  other  than  its  entire  length,  and  a  pencil  be 
loopei^in  the  thread,  and  moved  round  the  points,  so  as  to  keep  the 
thread  tight^  it  will  trace  an  ellipse,  of  which  the  two  points  are  th.^ 
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The  line  drawn  joining  the  foci,  continued  in  both  diractionB  to 
the  ellipse,  is  called  its  tri^^syebse,  of  major  axis. 

Another  line,  passing  through  the  middle  point  of  this  at  right 
angles  to  it  is  called  its  minor  axis. 

The  middle  point  of  the  major 
axis  is  called  the  centre  of  the 
ellipse. 

The  fractional  or  decimal  nimi- 
ber  which  expresses  the  distance 
of  the  focus  ^m  the  centre,  the 
semiaxis  major  being  taken  as 
the  unit,  is  cidled  the  excentricity 
of  the  ellipse. 

In  Jiff,  43,  c  is  the  centre,  s 
and  s'  the  foci,  a  b  the  trans- 
verse axis. 


Flg.4J. 


The  less  the  ratio  of  s  s'  to  A  B,  or  what  is  the  same,  the  less  the 
excentricity  is,  the  more  nearly  the  form  of  the  ellipse  approaches 
to  that  of  a  circle,  and  when  the  foci  actually  coalesce,  the  ellipse 
becomes  an  exact  circle. 

1 48.  Bxoentrlcity  of  tlie  eartli's  orbit. — ^The  excentricity  of 
the  elliptic  orbit  of  the  earth  is  so  small,  that  if  an  ellipse,  represent- 
ing truly  that  orbit,  were  drawn  upon  paper,  it  would  be  distinguish- 
able from  a  circle  only  by  submitting  it  to  exact  measurement.  The 
excentricity  of  the  orbit  has  been  ascertained  to  be  only  0*01677. 
The  semi  axis  major,  or  mean  distance,  being  i  'oooo,  the  greatest 
and  least  distances  of  the  earth  from  the  sun  will  be — 

B  8  =  I'oooo  -h  0*01677  =  1*01677 

A  8  =   I'OOOO  —  001  677  =  0-98323. 

The  difference  between  these  extreme  distances  is,  therefore,  only 
003354.  So  that  the  diiierence  between  the  greatest  and  least 
distances  does  not  amount  to  so  much  as  fom*  hundredths  of  the 
mean  distance. 

149.  Perllielion  and  aphelion  of  tlie  eartli. — The  positions 
A  and  B,  where  the  earth  is  nearest  to,  and  most  distant  fi.'om,  the 
sun  are  called  PEEniELiON  and  aphelion. 

The  positions  of  these  points  are  ascertained  by  observing 
the  places  of  the  sun  when  its  apparent  diameter  is  greatest  and 
least 

It  is  evident  from  what  has  been  stated  that  the  earth  is  in  aphe- 
lion on  the  I  st  of  July,  and  in  perihelion  on  the  i  st  of  January. 

Contrary  to  what  might  be  expected,  therefore,  the  earth  is  more 
distant  from  the  sun  in  summer  than  in  winter. 
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150.  Vuiattons  of  temperature  throai^  tlie  year.  —  The 

succession  of  spring,  summer,  autumn,  and  winter,  and  the  variations 
of  temperature  of  the  seasons  —  so  far  as  these  variations  depend  on 
the  position  of  the  sim  —  will  now  require  to  be  explained. 

The  influence  of  the  sun  in  heating  a  portion  of  the  earth's  sur- 
face, will  depend  partly  on  its  altitude  above  the  horizon.  The 
greater  that  altitude  is,  the  more  perpendicularly  the  rays  will  fall, 
and  the  greater  will  be  their  calorific  effect 

The  calorific  effect  of  the  sun's  rays  on  a  surface  more  oblique  to 
their  direction  than  another  will  then  be  proportionably  less. 

If  the  sun  be  in  the  zenith,  its  rays  will  strike  the  surface  per- 
pendicularly, and  the  heating  effect  will  therefore  be  greater  than 
when  the  sun  is  in  any  other  position. 

The  greater  the  altitude  to  which  the  sun  rises,  the  less  obliquely 
will  be  the  direction  in  which  its  rays  will  strike  the  surface  at 
noon,  and  the  more  effective  will  be  their  heating  power.  So  far, 
then,  as  the  heating  power  depends  on  the  altitude  of  the  sim,  it 
will  be  increased  with  every  increase  of  its  meridian  altitude. 

Hence  it  is  that  the  heat  of  summer  increases  as  we  approach  the 
equator.  The  lower  the  latitude  is,  the  greater  will  be  the  height 
to  which  the  sun  will  rise.  The  meridian  altitude  of  the  sun  at 
the  summer  solstice  being  everywhere  outside  the  tropics  forty-six 
degrees  and  fifty-six  minutes  more  than  at  the  winter  solstice,  the 
heating  effect  will  be  proportionately  gi'eater. 

But  this  is  not  the  only  cause  wliich  produces  the  greatly  supe- 
rior heat  of  summer  as  compared  with  winter,  especially  in  the 
higher  latitudes.  The  heating  effect  of  the  sun  depends  not  alone 
on  its  altitude  at  midday ;  it  also  depends  on  the  length  of  time 
which  it  is  above  the  horizon  and  below  it.  While  the  sun  is  above 
the  horizon,  it  is  continually  imparting  heat  to  the  air  and  to  the 
surface  of  the  eartli ;  and  while  it  is  below  the  horizon,  the  heat  is 
continually  being  dissipated.  The  longer,  therefore,  — other  things 
being  the  same,  —  the  sun  is  above  the  horizon,  and  the  shorter  time 
it  is  below  it,  the  greater  will  be  the  amount  of  heat  imparted  to 
the  earth  ever}'  twenty-four  hours.  Let  us  suppose  that  between 
sunrise  and  sunset,  the  sun,  by  its  calorific  effect,  imparts  a  certain 
amoimt  of  heat  to  the  atmosphere  and  the  surface  of  the  earth,  and 
that  from  sunset  to  sunrise  a  certain  amoimt  of  this  heat  is  lost : 
the  result  of  the  action  of  the  sim  will  be  found  by  deducting  the 
latter  from  the  former. 

Thus,  then,  it  appears  that  the  influence  of  the  sun  upon  the 
seasons  depends  as  much  upon  the  length  of  the  days  and  nights  as 
upon  its  altitude  ;  but  it  so  happens  that  one  of  these  circumstances 
depends  upon  the  other.  The  greater  the  sun's  meridional  altitude 
is,  the  longer  will  be  the  days,  and  the  shorter  the  nights :  and  the 
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less  it  is,  the  longer  will  be  the  nights^  and  the  shorter  the  da3'a. 
Thus  botli  circumstances  always  conspire  in  producing  the  increased 
temperature  of  summer,  and  the  diminished  temperature  of  winter. 

151.  VTby  tlie  longrest  Oay  Is  not  also  tlie  liottest. —  The 
doflT-days. — A  difficulty  is  sometimes  felt  when  the  operation  of 
these  causes  is  considered,  in  imderstanding  how  it  happens  that, 
notwithstanding  what  has  been  stated,  the  2  ist  of  June — when  the 
sun  rises  the  highest,  when  the  days  are  longest  and  the  nights 
shortest — is  not  the  hottest  day,  but  that,  on  the  contrary,  the  dog- 
days,  as  they  are  called,  which  comprise  the  hottest  weather  of  the 
year,  occur  in  July  and  August ;  and  in  the  same  manner,  the  2  ist 
of  December — when  the  height  to  which  the  sun  rises  is  least,  the 
days  shortest,  aud  the  nights  longest —  is  not  usually  the  coldest 
day,  but  that,  on  the  other  hand,  the  most  inclement  weather  occurs 
at  a  later  period. 

To  explain  this,  so  far  as  it  depends  on  the  position  of  the  sun 
and  the  length  of  the  days  and  nights,  we  are  to  consider  the  follow- 
ing circumstances : — 

As  midsummer  approaches,  the  gradual  increase  of  the  tempera- 
ture of  the  weather  has  been  explained  thus :  The  days  being  con- 
siderably longer  than  the  nights,  the  quantity  of  heat  imparted  by 
the  sun  during  the  day  is  greater  than  the  quantity  lost  during  the 
night ;  and  the  entire  result  during  the  twenty-four  hours  gives  an 
increase  of  heat.  As  this  augmentation  takes  place  after  each  suc- 
cessive day  and  night,  the  general  temperature  continues  to  increase. 
On  the  2 1st  of  June,  when  the  day  is  longest,  and  the  night  is 
shortest,  and  the  sim  rises  highest,  this  augmentation  reaches  its 
maximum ;  but  the  temperature  of  the  weather  does  not  therefore 
cease  to  increase.  After  the  2 1  st  of  June,  there  continues  to  be 
still  a  daily  augmentation  of  heat,  for  the  sun  still  continues  to  im- 
part more  heat  during  the  day  than  is  lost  during  the  night.  The 
temperature  of  the  weather  will  therefore  only  cease  to  increase 
when  by  the  diminished  length  of  the  day,  the  increased  length  of 
the  night,  and  the  diminished  meridional  altitude  of  the  sun,  the 
heat  imparted  during  the  day  is  just  balanced  by  the  heat  lost 
during  the  night.  There  will  be,  then,  no  further  increase  of  tem- 
perature, and  the  heat  of  the  weather  will  have  attained  its  maxi- 
mum. 

But  it  might  occur  to  a  superficial  observer,  that  this  reasoning 
would  lead  to  the  conclusion  that  the  weather  would  continue  to 
increase  in  its  temperature,  until  the  length  of  the  days  would 
become  equal  to  the  length  of  the  nights ;  and  such  would  be  the 
case,  if  the  loss  of  heat  per  hour  during  the  night  were  equal  to 
the  gain  of  heat  per  hour  during  the  day.  But  such  is  not  the 
case ;  the  loss  is  more  rapid  than  the  gain,  and  the  consequence  is 
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that  the  hottest  day  usually  comes  within  the  mouth  of  July^  but 
always  long  before  the  day  of  the  autumnal  equinox. 

The  same  reasoning  will  explain  why  the  coldest  weather  does 
not  usually  occur  on  the  2 1  st  of  December,  when  the  day  is  shortest 
and  the  night  longest,  and  when  the  sun  attains  the  lowest  meri- 
dional altitude.  The  decrease  of  the  temperature  of  the  weather 
depends  upon  the  loss  of  heat  during  the  night  being  gi-eater  than 
the  gain  during  the  day ;  and  imtil,  by  the  increased  length  of  the 
day,  and  the  diminished  length  of  the  night,  these  effects  are 
balanced,  the  coldest  weather  will  not  be  attained. 

These  observations  must  be  understood  as  applying  only  so  far 
as  the  temperature  of  the  weather  is  affected  by  the  sun,  and  by 
the  length  of  the  days  and  nights.  There  are  a  variety  of  other 
local  and  geographical  causes  which  interfere  with  these  effects, 
and  vary  them  at  different  times  and  places. 

On  referring  to  the  annual  motion  of  the  earth  roimd  the  sun,  it 
appears  that  the  position  of  the  sim  within  the  elliptic  orbit  of  the 
earth  is  such  that  the  earth  is  nearest  to  the  sim  about  the  i  st  of 
January,  and  most  distant  from  it  about  the  i  st  of  July.  As  the 
calorific  power  of  the  sun's  rays  increases  as  the  distance  from  the 
earth  diminishes,  in  even  a  higher  proportion  than  the  change  of  dis- 
tances, it  might  be  expected  that  the  effect  of  the  sun  in  heating  the 
earth  on  the  i  st  of  January  would  be  considerably  greater  than  on  the 
I  st  of  July.  If  this  were  admitted,  it  would  follow  that  the  annual 
motion  of  the  earth  in  its  elliptic  orbit  would  have  a  tendency  to 
diminish  the  cold  of  the  winter  in  the  northern  hemisphere,  and 
mitigate  the  heat  of  summer,  so  as  to  a  certain  extent  to  equalise 
the  seasons;  and,  on  the  contrary,  in  the  southern  hemisphere, 
where  the  ist  of  January  is  in  the  middle  of  summer  and  the  ist 
of  July  the  middle  of  winter,  its  effects  would  be  to  aggravate  the 
cold  in  winter  and  the  heat  in  summer.  The  investigations,  how- 
ever, which  had  been  made  in  the  physics  of  heat,  have  shown  that 
that  principle  is  governed  by  laws  which  counteract  such  effects. 
Like  the  operation  of  all  other  physical  agencies,  the  sun's  calorific 
power  requires  a  definite  time  to  produce  a  given  effect,  and  the  heat 
received  by  the  earth  at  any  part  of  its  orbit  will  depend  conjointly 
on  its  distance  from  the  sun  and  the  length  of  time  it  takes  to  tra- 
verse that  portion  of  its  orbit.  In  fact,  it  has  been  ascertained  that 
the  heating  power  depends  as  much  on  the  rate  at  which  the  sun 
chanjres  its  lon<»ntude  as  upon  the  earth's  distance  from  it.  Now  it 
happens  tliat,  in  consequence  of  the  laws  of  the  planetary  motions, 
discovered  by  Kepler,  and  explained  by  Newt<-)n,  when  the  earth  is 
most  remote  from  the  sun  its  velocity  is  least,  and  consequently  the 
hourly  changes  of  longitude  of  the  sun  will  be  proportionally  less. 
Thus  it  appears  that  what  the  heating  power  loses  by  augmented 
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distance^  it  gains  by  diminished  velocity ;  and  again^  when  the  earth 
is  nearest  to  the  sun^  what  it  gains  by  diminished  distance^  it  loses 
by  increased  speed.  There  is  thus  a  complete  compensation  pro- 
duced in  the  heating  effect  of  the  sun,  by  the  diminished  velocity  of 
the  earth  which  accompanies  its  increased  distance. 

This  period  of  the  year,  during  which  the  heat  of  the  weather 
is  usually  most  intense,  was  called  the  canictlab  days,  or  dog 
DATS.  These  days  were  generally  reckoned  as  forty,  commencing 
about  the  3rd  of  July,  and  received  their  name  from  the  fact, 
that  in  ancient  times  the  bright  star  Sirius,  in  the  constellation 
of  Canis  major,  or  the  great  dog,  at  that  time  rose  a  little  before 
the  sun,  and  it  was  to  the  sinister  influence  of  this  star  that 
were  ascribed  the  bad  effects  of  the  inclement  heat,  and  especially 
the  prevalence  of  madness  among  the  canine  race.  Owing  to  a 
cause  which  will  be  explained  hereafter  (the  precession  of  the  equi- 
noxes), this  star  no  longer  rises  with  the  sun  during  the  hot  season. 


CHAPTER  Vin. 


ATMOSPHERIC  REFRACTION,  AND  PARALLAX. 

152.  Apparent  position  of  celestial  objects  affected  by  re- 
fraction.— The  ocean  of  air  which  surroimds,  rests  upon,  and  extends 

to  a  certain  limited  height  above 
the  surface  of  the  solid  and  liquid 
matter  composing  the  globe,  de- 
creases gradually  in  density  in  rising 
from  the  surface  (H.  223)  ;  that 
when  a  ray  of  light  passes  from  a 
rarer  into  a  denser  transparent  me- 
dium, it  is  deflected  towards  the 
perpendicular  to  their  common 
surface;  and  that  the  amount  of 
such  deflection  increases  with  the 
difference  of  densities  and  the  angle 
of  incidence  (0.  92).  These  pro- 
perties, which  air  has  in  common 
with  all  transparent  media,  produce 
^'«  44-  important  effects  on  the  apparent 

positions  of  celestial  objects. 
Let  8  a,  Jig.  44,  be  a  rny  of  light  coming  from  any  distant  ob- 
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ject,  8,  And  falling  on  the  surface  of  a  series  of  layers  of  transpa- 
rent matter;  increasing  in  density  downwards.    The  ray  8  a,  pass- 


ing-45- 

ing  into  the  first  layer,  will  be  deflected  in  the  direction  a  a'  to- 
wards the  perpendicular,  and  passing  through  the  lowest  layer,  it 
will  be  still  more  deflected,  and  will  enter  the  eye  at  c,  in  the 
direction  a!'  e\  and  since  every  object  is  seen  in  the  direction  from 
which  the  visual  ray  enters  the  eye,  the  object  s  will  be  seen  in 
the  direction  e  s',  instead  of  its  true  direction  a  8.  The  eflect, 
therefore,  is  to  make  the  object  appear  to  be  nearer  to  the  zenithal 
direction  than  it  really  is. 

And  this  is  what  actually  occurs  with  respect  to  all  celestial 
objects  seen,  as  such  objects  always  must  be,  through  the  atmo- 
sphere. The  visual  ray  s  D,  fig,  45,  passing  through  a  succession 
of  strata  of  air,  gradually  and  continually  increasing  in  density, 
its  path  will  be  a  curve  bending  from  d  towards  a,  and  convex 
towards  the  zenithal  line  AZ.  The  direction  in  which  the  object 
will  be  seen,  being  that  in  which  the  visual  ray  enters  the  eye,  will 
be  the  tangent  A  a  to  the  curve  at  a.  The  object  will  therefore  be 
seen  in  the  direction  a  «  instead  of  B  s. 

It  has  been  said  that  the  deflection  produced  by  refraction  is  in- 
creased with  the  increase  of  the  angle  of  incidence.  Now,  in  the 
present  case,  the  angle  of  incidence  is  the  angle  under  the  true 
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direction  of  the  object  and  the  zenithid  line^  or^  what  U  the  same, 
the  zenith  distance  of  the  object  The  extent,  therefore^  to  which 
any  celestial  object  is  disturbed  from  its  true  place  by  the  refraction 
of  the  atmosphere,  increases  with  its  zenith  distance.  The  refrac- 
tion is,  therefore,  nothing  in  the  zenith,  and  greatest  in  the  horizon. 

153.  law  of  atmospbeHc  refraction. — The  extent  to  which 
a  celestial  object  is  displaced  by  refraction,  therefore,  depends  upon 
and  increases  with  its  distance  from  the  zenith ;  and  it  can  be  shown 
to  be  a  consequence  of  the  general  principles  of  optics,  that  when 
other  things  are  the  same,  the  actual  quantity  of  this  displacement 
(except  at  very  low  altitudes)  varies  in  the  proportion  of  the  tan- 
gent of  the  zenith  distance. 

This  law  prevails  with  considerable  exactitude,  except  at  very 
low  altitudes,  where  the  refractions  depart  from  it,  and  become  un- 
certain. 

1 54.  Quantity  of  reflraotlon. — When  the  latitude  of  the  obser- 
vatory is  known,  the  actual  quantity  of  refraction  at  a  given  alti- 
tude may  be  ascertained  by  observing  the  altitudes  of  a  circumpolar 
stai*,  when  it  passes  the  meridian  above  and  below  the  pole.  The 
sum  of  these  fdtitudes  would  be  exactly  equal  to  twice  the  latitude 
(114)  if  the  refraction  did  not  exist,  but  since  by  its  effects  the 
star  is  seen  at  greater  than  its  true  altitudes,  the  sum  of  the  alti- 
tudes will  be  greater  than  twice  the  latitude  by  the  sum  of  the  two 
refractions.  This  sum  will  therefore  be  kno^-n,  and  being  divided 
between  the  two  altitudes  in  the  ratio  of  the  tangents  of  Uie  zenith 
distances  the  quantity  of  refraction  due  to  each  altitude  will  be 
known. 

The  pole  star  answers  best  for  this  observation,  especially  in 
these  and  higher  latitudes,  where  it  passes  the  meridian  within 
the  limits  of  the  more  regular  influence  of  refraction ;  and  the 
difference  of  its  altitudes  being  only  3°,  no  considerable  error 
can  arise  in  apportioning  the  total  refraction  between  the  two 
altitudes. 

155.  Tables  of  reflraotlon.  —  To  determine  with  great  exacti- 
tude the  average  quantity  of  i-efraction  due  to  different  altitudes, 
and  the  various  physical  conditions  imder  which  the  actual  refrac- 
tion departs  from  such  average,  is  an  extremely  difficult  physical 
problem.  These  conditions  are  connected  with  phenomena  subject 
to  imcertain  and  imperfectly  known  laws.  Thus,  the  quantity  of 
refraction  at  a  given  altitude  depends,  not  only  on  the  density,  but 
also  on  the  temperature  of  the  successive  strata  of  air  through  which 
the  visual  ray  has  passed.  Although  as  a  general  fact,  it  is  appa- 
rent that  the  temperature  of  the  air  falls  as  we  rise  in  the  atmo- 
sphere, yet  the  exact  law  according  to  which  it  decreases  is  not 
fully  ascertained.    But  even  though  it  were,  the  refraction  is  also 
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influenced  by  other  agencies^  among  which  the  hygrometric  condi- 
tion of  the  air  holds  an  important  place. 

From  these  causes^  some  uncertainty  necessarily  attends  astro- 
nomical observations  of  objects  near  the  horizon^  and  some  em- 
barrassment arises  in  cases  where  the  quantities  to  be  detected  by 
the  observations  are  extremely  minute.  Nevertheless,  it  must  be 
remembered  that,  since  the  total  amount  of  refraction  is  never  con- 
siderable^ and  in  most  cases  it  is  extremely  minute,  and  since, 
small  as  it  is,  it  can  be  very  nearly  estimated  and  allowed  for,  and 
in  some  cases  wholly  efifaced,  no  serious  obstacle  is  offered  by  it 
to  the  general  progress  of  astronomy. 

Tables  of  refraction  have  been  constructed  and  calculated,  partly 
from  obser\'ation  and  partly  from  theory,  by  which  the  observer 
may  at  once  obtain  the  average  quantity  of  refraction  at  each  alti- 
tude ;  and  rules  are  given  by  which  this  average  refraction  may  be 
corrected  according  to  the  peculiar  state  of  the  barometer,  thermo- 
meter, and  other  indicators  of  the  physical  state  of  the  air. 

1 56.  Avermge  quantity  at  mean  altitudes. — While  the  re- 
fraction is  nothing  in  the  zenith,  and  somewhat  greater  than  the 
apparent  diameter  of  the  sun  or  moon  in  the  horizon,  it  does  not 
amount  to  so  much  as  i^,  or  the  thirtieth  part  of  this  diameter,  at 
the  mean  altitude  of  45°. 

157.  Sffect  on  rlalnff  and  setting. — Its  mean  quantity  in 
the  horizon  is  33',  which  being  a  little  more  than  the  mean  appa- 
i-eut  diameters  of  the  sun  and  moon,  it  follows  that  these  objects,  at 
the  moment  of  rising  and  setting,  are  visible  above  the  horizon,  the 
lower  edge  of  their  disks  just  touching  it,  when  in  reality  they  are 
bolow  it,  the  upper  edge  of  the  disk  just  touching  it. 

The  moments  of  rising  of  all  objects  are  therefore  accelerated,  and 
those  of  setting  retarded,  by  refraction.  The  sun  and  moon  appear 
to  i-ise  before  they  have  really  risen,  and  to  set  after  they  have  really 
set;  and  the  same  is  true  of  all  other  objects. 

158.  Ctoneral  effect  of  tlie  barometer  on  reflraotlon. — Since 
the  barometer  rises  with  the  increased  weight  and  density  of  the  air, 
its  rise  is  attended  by  an  augmentation,  and  its  fall  by  a  decrease,  of 
refraction.  It  may  be  assumed  that  the  refraction  at  any  proposed 
altitude  is  increased  or  diminished  by  the  300th  part  of  its  mean 
quantity  for  ever}'  tenth  of  an  inch  by  which  the  barometer  exceeds 
or  falls  short  of  the  height  of  30  inches. 

159.  Sffect  of  thermometer. — As  the  increase  of  tempera- 
ture causes  a  decrease  of  density,  the  eflect  of  refraction  is  diminished 
by  the  elevation  of  the  thermometer,  the  state  of  the  barometer 
being  the  same.  It  may  be  assumed,  that  the  refraction  at  any  pro- 
posed altitude  is  diminished  or  increased  by  the  420th  part  of  its 
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mean  amount  for  each  degree  by  which  Fahrenheit's  thermometer 
exceeds  or  falls  short  of  the  mean  temperature  of  55^. 

160.  Twilii^t  caused  by  tlie  reflection  of  tlie  atmo- 
spliere. — The  sun  continues  to  illuminate  the  clouds  and  the  su- 
perior strata  of  the  air  after  it  has  set,  in  the  same  manner  as  it 
shines  on  the  summits  of  lofty  mountain  peaks  long  after  it  has  de- 
scended from  the  idew  of  the  inhabitants  of  the  adjacent  plains. 
The  air  and  clouds  thus  illuminated^  reflect  light  to  the  suiface 
below  them ;  and  thus^  aft^r  sunset  and  before  sunrise,  produce  that 
light,  more  or  less  feeble  accordiag  to  the  depression  of  the  sun, 
called  TWILIGHT.  Immediately  after  sunset  the  entire  visible  atmo- 
sphere, and  all  the  clouds  which  float  in  it,  are  flooded  with  sunlight, 
and  produce,  by  reflection,  an  illumination  little  less  intense  than 
before  the  sun  had  disappeared.  According  as  the  sun  sinks  lower 
and  lower,  less  and  less  of  the  visible  atmosphere  receives  his  light, 
and  less  and  less  of  it  is  transmitted  by  reflection  to  the  surface, 
until  at  length,  and  by  slow  degrees,  all  reflection  ceases  and  night 
begins. 

The  same  series  of  phenomena  are  developed  in  an  opposite  order 
before  sunrise  in  the  morning,  commencing  with  the  first  feeble 
light  of  dawn,  and  ending  with  the  full  blaze  of  day,  when  the  disk 
of  the  sun  becomes  visible. 

161.  Oval  form  of  disks  of  son  and  moon  explained. — One 
of  the  most  cxirious  effects  of  atmospheric  refraction  is  the  oval  form 
of  the  disks  of  the  sun  and  moon,  when  near  the  horizon.  This 
arises  from  the  unequal  refraction  of  the  upper  and  lower  limbs. 
The  latter  being  nearer  the  horizon  is  more  affected  by  refraction, 
and  therefore  raised  in  a  greater  degree  than  the  upper  limb,  the 
effect  of  which  is  to  bring  the  two  limbs  apparently  closer  together, 
by  the  difference  between  the  two  refractions.  The  form  of  the 
disk  is  therefore  affected  as  if  it  were  pressed  between  two  forces, 
one  acting  above,  and  the  other  below,  tending  to  compress  its  ver- 
tical diameter,  and  to  give  it  the  form  of  an  ellipse,  the  lesser  axis 
of  which  is  vertical,  and  the  greater  horizontal. 

162.  Pakaxlax.  —  Since  the  apparent  place  of  a  distant  object 
depends  on  the  direction  of  the  visual  line  drawn  from  the  observer 
to  such  object,  and  since  while  the  object  remains  stationary  the 
direction  of  this  visual  line  is  changed  with  every  change  of  position 
of  the  observer,  such  change  of  position  produces  necessarily  a  dis- 
placement in  the  apparent  position  of  the  object. 

This  apparent  displacement  of  any  object  seen  at  a  distance,  due 
to  the  change  of  position  of  the  observer,  is  called  parallax. 

It  follows  that  a  distant  object  seen  by  two  ob8er\'ers  at  different 
places  on  the  earth  is  seen  in  different  directions,  so  that  its  appa- 
rent place  in  the  firmament  will  be  different.    It  would  therefore 
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follow,  that  the  aspect  of  the  heavens  would  vary  with  every  change 
of  position  of  the  observer  on  the  earth,  just  as  the  relative  position 
of  objects  on  land  which  are  stationary  changes  when  viewed  fpom 
the  deck  of  a  vessel  which  sails  or  steams  along  the  coast.  But  it 
80  happens,  that  even  the  greatest  difference  of  position  which  can 
exist  between  observers  on  the  earth's  surface  is  so  small  compared 
even  with  the  nearest  bodies  to  the  earth,  that  the  apparent  dis- 
placement, or  PARALLAX,  thus  produced  is  very  small;  while  for  the 
most  numerous  of  celestial  objects,  the  stars,  it  is  absolutely  in- 
appreciable by  the  most  refined  means  of  observation  and  measure- 
ment. 

Small  as  it  is,  however,  so  far  as  relates  to  the  nearer  bodies  of 
the  universe,  it  is  capable  of  definite  measurement,  and  its  amount 
for  each  of  them  supplies  one  of  the  data  by  which  their  distances 
are  calculated. 

163.  Apparent  and  trae  place  of  an  object.  —  Binmal 
parallax. — When  an  object  is  within  such  a  limit  of  distance  as 
would  cause  a  sensible  displacement  to  be  produced  when  it  is 
viewed  from  different  parts  of  the  earth's  surface,  it  is  convenient, 
in  registering  its  apparent  position  at  any  given  time,  to  adopt 
some  fixed  station  f^m  which  it  is  supposed  to  be  observed.  The 
station  selected  by  astronomers  for  this  purpose  is  the  centre  of  the 
earth.  The  direction  in  which  an  object  would  be  seen  if  viewed 
from  the  centre  of  the  earth  is  called  its  true  place.  The  direction 
in  which  it  is  seen  from  any  place  of  observation  on  the  surface  is 
called  its  apparent  place,  and  the  apparent  displacement  which 
would  be  produced  by  the  transfer  of  the  observer  from  the  centre  to 
the  surface  or  vice  versa,  or,  what  is  the  same,  the  ditrf?i*ence  between 
the  true  and  apparent  places,  is  called  the  diurnal  parallax. 

In  Jiff.  46,  let  c  represent  the  centre  of  the  earth,  p  a  place  of 
observation  on  its  surface,  0  an  object  seen  in  the  zenith  of  p,  0'  the 
same  object  seen  at  the  zenith  distance  opo',  and  0''  the  same 
object  seen  in  the  horizon. 

It  is  evident  that  0  will  appear  in  the  same  direction,  whether  it 
be  viewed  from  P  or  c.  Hence  it  follows  that  in  the  zenith  there  is 
no  diurnal  parallax,  and  that  there  the  apparent  place  of  an  object 
is  its  true  place. 

But  if  the  object  be  at  0',  then  the  apparent  direction  is  P  (/, 
while  the  true  direction  is  c  o',  and  the  apparent  place  of  the  object 
will  be  a' J  while  its  true  place  will  be  f;  and  the  diurnal  parallax 
corresponding  to  the  zenith  distance  0  P  0'  will  be  t'  a',  or  the  angle 
t'  o'  a'y  which  is  equal  to  p  o'  c. 

An  the  object  is  more  remote  from  the  zenith  the  parallax  is 
aufimented,  because  the  seniidiameter  c  P  of  the  earth,  which  passes 
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through  the  place  of  obeenration;  is  more  and  more  nearly  at  right 
angles  to  the  directions  c  o'  and  p  o'. 


Fig.  46. 

1 64.  Boiixontal  parallax. — When  the  object  is  in  the  horizon, 
as  at  0'%  the  diurnal  parallax  becomes  greatest,  and  is  called  the 
HORizoirrAL  PARAXLAX.  It  is  the  angle  Po"c  which  the  semi- 
diameter  of  the  earth  subtends  at  the  object. 

165.  Annual  parallax. — If  the  earth  be  admitted  to  move 
annually  around  the  sun,  as  a  stationary  centre,  all  observers  placed 
on  its  surface,  seeing  distant  objects  from  points  of  view  so  extromely 
distant  one  from  the  other  as  aro  the  opposite  extremities  of  its  orbit, 
must  necessarily,  as  might  be  supposed,  see  these  objects  in  very 
diflferent  directions. 

To  comprehend  the  effect  which  might  be  expected  to  be  produced 
upon  the  apparent  place  of  a  distant  object  by  such  a  motion,  let  E 
e'e"e''',^.  47,  represent  the  earth's  annual  course  nroimd  the 
sun  as  seen  in  perspective,  and  lot  0  be  any  distant  object  visible 
from  the  earth.  The  extremity  E  of  the  line  E  0  which  is  the  visual 
direction  of  the  object,  being  carried  with  the  earth  round  the  circle 
E  e'  e''  e"',  will  annually  describe  a  cone  of  which  the  base  is  the 
path  of  the  earth,  and  the  vertex  is  the  place  of  the  object  o.  While 
the  earth  moves  round  the  circle  e  e",  the  line  of  ^'isual  direction 


PARALLAX. 


>«7 


would  therefore  have  a  corresponding  motion,  and  the  apparent 

place  of  the  object  would  be  successively  changed  with  the  change  of 

direction  of  this  line.    If  the  object  be 

imagined  to  be  projected  by  the  eye  upon 

the  firmament,  it  would  trace  upon  it  a 

path  ocf  i/'  o"%  which  would  be  circular  or 

elliptical,  according  to  the  direction  of  the 

object    When  the  earth  is  at  E,  the  object 

would  be  seen  at  o ;  and  when  the  earth 

is  at  E",  it  would  be  seen  at  o".    The  extent 

of  this  apparent  displacement  of  the  object 

would  be  measured  by  the  angle  B  o  e", 

which  the  diameter  E  e"  of  the  earth's  path 

or  orbit  would  subtend  at  the  object  o. 

It  has  been  stated  that,  in  general,  the 
apparent  displacement  of  a  distant  visible 
object  produced  by  any  change  in  the 
station  from  which  it  is  viewed  is  called 
PABALLAX.  That  which  is  produced  by 
the  change  of  position  due  to  the  diurnal 
motion  of  the  earth  being  called  diurnal 
PARALLAX,  the  corresponding  displacement 
due  to  the  annual  motion  of  the  eaith  is 
called  the  annual  parallax. 

The  greatest  amount,  therefore,  of  the 
annual  parallax  for  any  proposed  object  is 
the  angle  which  the  semidiameter  of  the 
earth's  orbit  subtends  at  such  object,  as  the 
greatest  amount  of  the  diurnal  parallax  is 
the  angle  which  the  semidiameter  of  the 
earth  itself  subtends  at  the  object. 

1 66.  Zts  effects  upon  tbe  bodies  of 
tbe  solar  system  apparent. — The  effects  ^k 
of  anoual  parallax  are  observable,  and  in- 
deed are  of  considerable  amount,  in  the  .,.  ^ 

rig.  47. 

case  of  all  the  boijlies  composing  the  solar 

system.  The  apparent  annual  motion  of  the  sun  is  altogether  due 
to  parallax.  The  apparent  motions  of  the  planets  and  other  bodies 
composing  the  solar  system  are  the  effects  of  parallax,  combined 
with  the  real  motions  of  these  various  bodies. 

167.  General  absence  of  parallax  explained  by  ffreat  dis- 
tance.—  With  a  few  exceptions,  no  traces  of  the  effects  of  annual 
parallax  have  been  discovered  among  the  innumerable  fixed  stars 
by  which  the  solar  system  is  surroimded,  and  since,  nevertheless, 
the  annual  motion  of  the  earth  in  its  orbit  rests  u^ou  &  Vio^'^  ol  ^n\.- 
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dence  and  is  supported  by  arguments  which  must  be  regarded  as 
conclusive,  the  absence  of  parallax  can  only  be  ascribed  to  the  fact 
that  the  stara  generally  are  placed  at  distances  from  the  solar  system 
compared  with  which  the  orbit  of  the  earth  shrinks  into  a  point, 
and  therefore  that  the  motion  of  an  observer  round  this  orbit,  vast 
as  it  may  seem  compared  with  all  our  familiar  standards  of  magni- 
tude, produces  no  more  apparent  displacement  of  a  fixed  star  than 
the  motion  of  an  animalcide  round  a  grain  of  mustard  seed  would 
pi"oduce  upon  the  apparent  direction  of  the  moon  or  sun. 

168.  Absence  of  sensible  parallax  of  fixed  stars. — When, 
on  any  clear  night,  we  contemplate  the  firmament,  and  behold  the 
countless  multitude  of  objects  that  sparkle  upon  it,  remembering 
what  a  comparatively  small  number  are  comprised  among  those  of 
the  solar  system,  and  even  of  these  how  few  are  visible  at  any  one 
time,  we  are  naturally  impelled  to  the  inquiry,  Where  in  the  uni- 
verse are  these  vast  numbers  of  objects  placed  ? 

Very  little  reflection  and  reasoning,  applied  to  the  consideration 
of  our  own  position  and  to  the  appearance  of  the  heavens,  will  con- 
vince us  that  the  objects  that  chiefly  appear  on  the  firmament, 
must  be  at  almost  immeasurable  distances.  The  earth  in  its  annual 
course  round  the  sun  moves  in  a  circle,  the  diameter  of  which  is 
about  200  millions  of  miles.  We,  who  observe  the  heavens,  are 
transported  upon  it  round  that  vast  cii-cle.  The  station  from  which 
wo  observe  the  imiverse  at  one  period  of  the  year  is,  then,  200 
millions  of  miles  from  the  station  from  which  we  view  it  at  another. 

Now  it  is  a  fact,  within  the  familiar  experience  of  eveiy  one, 
that  the  relative  position  of  objects  will  depend  upon  the  point 
from  which  they  are  viewed.  If  we  stand  upon  the  bank  of  a  river, 
along  the  margin  of  which  a  multitude  of  ships  are  stationed,  and 
view  the  masts  of  the  vessels,  they  will  have  among  each  other  a 
certain  relative  arrangement.  If  we  change  our  position,  however, 
through  the  space  of  a  few  hundred  yards,  the  relative  position  of 
these  masts  will  not  be  the  same  as  before.  Two  which  before  lay 
in  line  will  now  be  seen  separate ;  and  two  which  before  were 
separated  are  now  brought  into  line.  Two,  one  of  which  was  to 
the  right  of  the  other,  are  now  reversed ;  that  which  was  to  the 
right,  is  at  the  left,  and  vice  versa  ^  nor  are  these  changes  produced 
by  any  change  of  position  of  the  ships  themselves,  for  they  are 
moored  in  stationary  positions.  The  changes  of  appearance  are  the 
result  of  our  mm  change  of  position  ;  and  the  greater  that  change  of 
position  is,  the  greater  will  be  the  relative  change  of  these  appear- 
ances. Let  us  suppose,  however,  that  we  are  moved  to  a  much 
greater  distance  from  the  shipping ;  any  change  in  our  position  will 
produce  much  less  eflfect  upon  the  relative  position  of  the  masts ; 
perhaps  it  will  require  a  very  considerable  change  to  produce  a  per- 
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ceivable  effect  upon  them.  Therefore,  in  proportion  as  our  distance 
from  the  masts  is  increased,  so  in  proportion  will  it  require  a  greater 
change  in  our  own  position  to  praduce  the  same  apparent  change  in 
their  position. 

Thus  it  is  with  all  visible  objects.  When  a  multitude  of  station- 
ary objects  are  ^^ewed  at  a  distance,  their  relative  position  will 
depend  upon  the  position  of  the  observer ;  and  if  the  station  of  the 
observer  be  changed,  a  change  in  the  relative  position  of  the  objects 
must  be  expected  ;  and  if  no  perceptible  change  is  produced,  it  must 
be  inferred  that  the  distance  of  the  objects  is  incomparably  greater 
than  the  change  of  position  of  the  observer. 

Let  us  now  apply  these  reflections  to  the  case  of  the  earth 
and  the  stars.  The  stars  are  analogous  to  the  masts  of  the  ships, 
and  the  earth  is  the  station  on  which  the  observer  is  placed.  It 
might  have  been  expected  that  the  magnitude  of  the  globe,  being 
eight  thousand  miles  in  diameter,  would  produce  a  change  of  posi- 
tion of  the  observer  sufficient  to  cause  a  change  in  tiie  relative 
position  of  the  stars,  but  we  find  that  such  is  not  the  case.  The 
stars,  viewed  from  opposite  sides  of  the  globe,  present  exactly  the 
same  appearance ;  we  must,  therefore,  infer  that  the  diameter  of 
the  earth  is  absolutely  nothing  compared  to  their  distance. 

But  the  astronomer  has  still  a  much  larger  modulus  to  fall  back 
upon.  He  reflects,  as  has  been  already  observed,  that  he  is  enabled 
to  view  the  stars  from  two  stations  separated  from  each  other,  not 
by  8cx)0  miles,  the  diameter  of  the  earth,  but  by  200  millions  of 
miles,  that  of  the  earth's  orbit.  He,  therefore,  views  the  heavens 
on  the  ist  of  January,  and  views  them  again  on  the  ist  of  July,  the 
earth  having  in  the  meanwhile  passed  to  the  opposite  side  of  its 
orbit,  yet  he  finds,  to  his  amazement,  that  the  aspect  is  the  same. 
He  thinks  that  this  cannot  be — that  so  great  a  change  of  position 
in  himself  cannot  fail  to  make  some  change  in  the  apparent  position 
of  the  stars ; — that,  although  their  general  aspect  is  the  same,  yet 
when  submitted  to  exact  examination  a  change  must  assuredly  be 
detected.  He  accordingly  resorts  to  the  use  of  instruments  of  ob- 
servation capable  of  measuring  the  relative  positions  of  the  stars 
with  the  last  conceivable  precision,  and  he  is  more  than  ever  con- 
founded by  the  fiict  that  still  no  discoverable  change  of  position  is 
found. 

For  a  long  period  of  time  this  result  seemed  inexplicable,  and 
accordingly  it  formed  the  greatest  difficulty  with  astronomers,  in 
admitting  the  annual  motion  of  the  earth.  The  alternative  offered 
was  this ;  it  was  necessary,  eitlier  to  fall  back  upon  the  Ptolemaic 
system,  in  which  the  earth  was  stationary,  or  to  suppose  that  the 
immense  change  of  position  of  the  earth  in  the  course  of  half  a 
year,  could  produce  no  discoverable  change  of  «^^^«x«iXi&i^  m  >^^ 
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stars;  a  fact  which  inyolves  the  inference  that  the  diameter  of 
the  earth's  orbit  must  be  a  mere  point  compared  with  the  distance 
of  the  nearest  stars.  Such  an  idea  appeared  so  inadmissible  that 
for  a  long  period  of  time  many  preferred  to  embrace  the  Ptolemaic 
hypothesis,  beset  as  it  was  with  difficulties  and  contradictions. 

Improved  means  of  instrumental  observntion  and  micrometrical 
measurement,  united  with  the  zeal  and  skill  of  observers,  have  at 
length  surmoimted  these  difficulties ;  and  the  parallax,  small  in- 
deed but  still  capable  of  measurement,  of  several  stars  has  been  as- 
certained. 

1 69.  Methods  of  asoertalniiiff  tbe  parallax  of  fixed  stars. 
—  It  will  easily  be  imagined  that  astronomers  have  diligently 
directed  their  obsei-vations  to  the  discovery  of  some  change  of  ap- 
parent position,  however  small,  produced  upon  the  stars  by  the 
earth's  motion.  As  the  stars  most  likely  to  be  affiscted  by  the 
motion  of  the  earth  are  those  which  are  nearest  to  the  system,  and 
therefore  probably  which  are  brightest  and  largest,  it  has  been  to 
such  chiefly  that  this  kind  of  observation  has  been  directed ;  and 
since  it  was  certain  that,  if  any  observable  effect  bo  produced  by  the 
earth's  motion  at  all,  it  must  be  extremely  small,  the  nicest  and 
most  delicate  means  of  observation  were  those  alone  from  which  the 
discovery  could  be  expected. 

One  of  the  earlier  expedients  adopted  for  the  solution  of  this  pro- 
blem was  the  erection  of  a  telescope,  of  great  length  and  power,  in 
a  position  permanently  fixed,  attached,  for  example,  to  the  side  of  a 
pier  of  solid  masonry  erected  upon  a  foundation  of  rock.  This  in- 
strument was  screwed  into  such  a  position  that  particular  stars,  as 
they  crossed  the  meridian,  would  necessarily  pass  within  its  field  of 
view.  Micrometric  wires  were,  in  the  usual  manner,  placed  in  ita 
eye-piece,  so  that  the  exact  point  at  which  the  stars  passed  the  me- 
ridian each  night,  could  be  observed  and  recorded  with  the  greatest 
precision.  The  instrument  being  thus  fixed  and  immovable,  the 
transits  of  the  stars  were  noted  each  night,  and  their  exact  places 
when  they  passed  the  meridian  recorded.  This  kind  of  observation 
was  carried  on  through  the  year ;  and  if  the  earth's  change  of  posi- 
tion, by  reason  of  its  annual  motion,  should  produce  any  effect  upon 
the  apparent  position  of  the  stars,  it  was  anticipated  that  such  effect 
woidd  be  discovered  by  these  means.  After,  however,  making  all 
allowance  for  the  usual  causes  which  affect  the  apparent  pr»sition  of 
the  stars,  no  change  of  position  was  discovered  which  could  be  as- 
signed to  the  earth's  motion. 

1 70.  Professor  Benderson*s  discovery  of  tbe  parallax  of 
a  Centanrl. — Notwithstanding  the  numerous  difficulties  which 
beset  the  solution  of  this  problem,  by  means  of  observations  made 
with  the  ordinary  instruments^  Professor  Henderson^  duiing  his  resi- 
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denco  as  astronomer  at  the  Kojal  Observatory  at  the  Cape  of  Good 
Hope,  succeeded  in  making  a  series  of  observations  upon  the  star 
designated  a  in  the  constellation  of  the  Centaur,  which,  being  after- 
wards submitted  by  him  to  the  proper  reductions,  gave  a  parallax  of 
about  i''.  Subsequent  observations  made  by  his  successor,  Mr. 
Maclear,  at  the  same  observatory,  partly  with  the  same  instrument; 
and  partly  with  an  improved  and  more  efficient  one  of  the  same 
class,  have  fully  confirmed  this  result,  giving  0*91 87,  or  44ths  of  a 
second  as  the  parallax. 

It  is  worthy  of  remark,  that  this  conclusion  of  Messrs.  Hender- 
son and  Maclear  is  confirmed  in  a  remarkable  manner,  by  the  fact 
that  like  observations  and  computations  applied  to  other  stars  in  the 
vicinity  of  a  Centauri,  and  therefore  subject  to  like  annual  causes 
of  apparent  displacement,  such  as  the  mean  annual  variation  of 
temperature,  gave  no  similar  result,  showing  thus  that  the  displace- 
ment foimd  in  the  case  of  a  Centauri  could  only  be  ascribed  to  par- 
allax. 

Since  the  limits  of  error  of  this  species  of  observation  affecting  the 
final  result  cannot  exceed  the  tenth  of  a  second,  it  may  then  be  as- 
sumed as  proved,  that  the  parallax  of  a  Centauri  is  about  i '',  and 
consequently  that  its  distance  from  the  solar  system  i\  such  that 
light  must  take  more  than  three  years  to  move  over  it. 

171.  Parallax  of  a  few  stars  ascertained. — Notwithstanding 
the  great  number  of  stars  to  which  instniments  of  observation  of 
unlooked-for  perfection,  in  the  hands  of  the  most  able  and  zealous 
observers,  have  been  directed,  the  results  of  such  labours  have 
hitherto  been  rather  negative  than  positive.  The  means  of  obser- 
vation have  been  so  perfect,  and  their  application  so  extensive,  that 
it  may  be  considered  as  proved  by  the  absence  of  all  measurable 
displacement  consequent  upon  the  orbital  motion  of  the  earth  that, 
a  very  few  individual  stars  excepted,  the  vast  multitude  of  bodies 
which  compose  the  universe  and  which  are  nightly  seen  glittering 
in  the  firmament,  are  at  distances  from  the  solar  system  greater  than 
that  which  would  produce  an  apparent  displacement  amounting  to 
the  tenth  of  a  second.  This  limit  of  distances  is,  therefore,  ten  par- 
allactic units,  or  about  two  million  times  the  space  between  the 
earth  and  sun. 

The  parallax  of  the  following  stars  has  been  determined 
within  some  degree  of  probability  from  the  observations  of 
MM.  Henderson,  Bessel,  Kriiger,  Struve,  and  C.  A.  F.  Peters. 
The  names  and  amount  of  parallax  of  each  star  are  a  Centauri, 
o"-976;  61  Cygoi,  o"-348 ;  Lalande  21258,  o"-26o;  Oeltzen- 
Arirelander  17,415-6,  o"-247j  Groombridge  1830,  o"-226j  a 
Lyrae,  o"*i55  ;  Sinus,  o"*i5o;  t  UrsaB  Majoris,  o"-l33;  Arc- 
turus,  o"i  27 ;   Polaris,  o"-o67  j  and  Capella,  o"o46. 
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The  parallax  of  the  firet'tiine  of  these  stars  may  be  considered 
as  having  been  ascertained  with  tolerable  certainty  and  precision. 
The  very  small  amount  of  that  of  the  last  two  is  such  as  to  render 
it  more  doubtful  What  is  certain,  however,  in  relation  to  these  Is, 
that  the  actual  amount  of  their  parallax  is  less  than  the  tenth  of  a 
second. 


CHAPTER  rX. 

PRECESSION  AND  NUTATION. 


172.  BIfeots  wliioli  wonld  be  produced  if  a  satellite  were 
attaobed  to  tbe  eorfiaoe  of  tlie  eartli  at  tlie  equator. —  If  the 

earth  were  attended  by  a  second  satellite,  revolving  cloee  to  its  sur- 
face and  in  the  plane  of  its  equator,  the  periodic  time  of  the  satellite 
would  be  considerably  less  than  that  of  the  moon,  in  a  ratio  which 
is  easily  ascei-tained. 

But  such  a  satellite  would  be  subject  to  the  disturbing  action  of 
the  sun,  which  would  produce  in  its  orbit  inequalities  similar  in 
kind  to,  but  different  in  magnitude  from,  those  produced  by  the  Run*s 
disturbing  force  on  the  moon's  orbit.  Its  nodes,  that  is,  the  equi- 
noxial  points  (inasmuch  as  its  orbit  is  by  the  supposition  the  plane 
of  the  equator),  would  receive  a  slow  regressive  motion ;  and  its 
inclination,  that  is,  the  obliquity  of  the  ecliptic,  would  be  subject 
to  a  variation  whose  period  would  depend  on  that  of  the  successive 
returns  of  the  sun  to  the  same  equinoxial  point. 

This  satellite  woidd  also  be  subject  to  the  disturbing  action  of  the 
moon,  which  would  affect  it  in  a  manner  nearly  similar ;  since,  in 
that  case  also,  the  disturbing  body  would  be  exterior  to  the  disturbed. 
It  would  impart  to  the  line  of  nodes  of  the  supposed  satellite,  that 
is,  to  the  intersection  of  the  plane  of  its  orbit  with  the  plane 
of  the  earth's  equator,  a  retrograde  motion  upon  the  former  plane  ; 
and  since  that  plane  is  inclined  at  a  very  small  angle  to  the  plane 
of  the  ecliptic,  this  would  produce  a  like  retrograde  motion  of  the 
equinoxial  points  upon  the  ecliptic 

A  variation  of  the  inclination  of  the  plane\)f  the  equator  to  that 
of  the  moon's  orbit,  and,  therefore,  to  the  plane  of  the  ecliptic, 
would  also  be  produced,  the  period  of  which  would  depend  on  the 
moon's  motion. 

But  the  moon's  orbit  would  also  be  disturbed  by  the  attraction  of 
the  supposed  satellite.  A  regressive  motion  would  be  imparted  to 
the  line  in  which  the  plane  of  its  orbit  intersects  that  of  the  equalori 
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and  a  periodical  variatioii  of  inclination  would  likewise  be  produced, 
depending  on  the.  period  of  the  supposed  satellite. 

Let  us  now  imagine  that  the  supposed  satellite,  instead  of  revolv- 
ing in  a  short  period,  moves  with  a  much  slower  motion,  and  revolves 
in  23  hours  and  56  minutes,  the  time  of  the  earth's  rotation.  The 
inequalities  which  it  suffers  and  which  it  produces,  will  then  be 
changed  only  in  their  magnitudes  and  periods,  but  will  retain  the 
same  general  character.  But  the  supposed  satellite  now  having  the 
same  motion  precisely  as  the  surface  of  the  earth  close  to  which  it 
i»  placed,  may  be  imagined  to  adhere  to  that  surface,  so  as  to  form, 
in  fact,  a  part  of  the  earth,  without  in  any  way  deranging  the  con- 
clusions which  have  been  deduced  above. 

173.  &lke  effects  wonld  be  produced  by  any  number  of 
■ucli  satellites,  or  wbat  would  be  equivalent,  by  tbe  spbe- 
roidal  form. — But  the  same  observations  would  be  equally  appli- 
cable to  any  number  of  satellites  similarly  placed  and  similarly  mov- 
ing, which  might,  therefore,  be  imagined  to  be  successively  attached 
to  the  surface  of  the  globe  at  and  near  the  equator,  until  such  a  pro- 
tuberance would  be  formed  upon  it,  as  would  in  effect  convert  it  into 
the  form  of  an  oblate  spheroid,  such  as  the  form  of  the  earth  is 
known  to  be. 

It  is,  however,  to  be  further  considered,  that  the  effects  of  the  dis- 
turbing forces  which  thus  act  upon  this  protuberant  matter,  are 
necessai-ily  modified  by  the  inertia  of  the  spherical  mass  within  it, 
to  which  it  is  imagined  to  be  attached.  The  protuberant  mass 
which  alone  is  acted  on  by  the  disturbing  forces,  cannot  obey  any 
action  of  these  forces,  without  dragging  with  it  this  vast  spherical 
mass  to  which  it  is  united.  The  motions  and  changes  of  motion, 
therefore,  which  it  receives,  will  be  rendered  slower  in  proportion 
to  the  mass  with  which  such  motions  must  be  shared. 

These  observations  are  obviously  applicable  equally  to  any  of  the 
other  planets,  which  being  attended  by  satellites,  have  the  spheroidal 
form. 

1 74.  Precession  of  tbe  equinoxes. — Since,  therefore,  we  may 
consider  the  spheroidal  protuberance  round  the  terrestrial  equator  as 
a  satellite  attached  to  the  earth,  it  will  follow  that  the  general  effect 
of  the  sun's  disturbing  force  acting  upon  it,  will  be  to  impart  to 
its  nodes,  that  is,  to  the  equinoxial  points,  a  retrograde  motion, 
which  will  be  much  slower  than  that  which  they  would  receive 
from  the  same  cause,  if  this  protuberant  matter  were  not  compelled 
to  carry  with  it  the  mass  of  the  earth  contained  within  it. 

The  moon  exercises  a  like  disturbing  force  which  produces  a  like 
reprression  of  the  nodes  of  the  equator  on  the  moon's  orbit ;  and  that 
orbit  being  inclined  at  a  small  angle  to  the  ecliptic,  this  is  attended 
with  a  like  regression  of  the  equinoxial  points. 
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The  mean  annual  regression  of  the  equinoxial  points  upon  the 
plane  of  the  ecliptic  arising  from  these  causes,  is  50''*!. 

175.  The  sun  returns  to  tbe  equinoxial  point  befdre  eom- 
pletinc  its  rerolntion.  —  Since  the  equinoxial  points  thus  moTe 
backwards  on  the  ecliptic,  it  follows  that  the  sun,  after  it  has  in  its 
annual  course  passed  round  the  ecliptic,  will  arrive  at  either 
equinoxial  point  before  it  has  made  a  complete  revolution.  The 
equinoxial  point  being  50''*!  behind  the  position  it  had  when  the 
Sim  started  from  it,  the  sun  will  return  to  it  after  having  moved 
through  50''' I  less  than  a  complete  revolution.  But  since  the 
mean  hourly  apparent  motion  of  the  sun  is  147^'' 8,  it  follows  that 
the  centre  of  the  sun  will  return  to  the  equinoxial  point,  20"  20'-3 
before  completing  its  revolution. 

I  j6.  aqninozial  and  sidereal  year. — Hence  is  explained  the 
fact,  that  while  the  sidereal  year,  or  actual  revolution  of  the  earth 
round  the  sun,  is  365*  6**  9*  10" 3  8,  the  equinoxial  revolution,  or 
the  time  between  two  successive  equinoxes  of  the  same  name,  is 
365**  5**  48"  5o"*4,  the  latter  being  less  than  the  former  by  20"  20'. 

The  successive  returns  of  the  sun  to  the  same  equinoxial  point 
must,  therefore,  always  pi-ecede  its  return  to  the  same  point  ef  the 
ecliptic  by  20"  20'  of  time,  and  by  5o"'l  of  space. 

177.  Period  of  tlie  precession.  — To  determine  the  period  in 
which  the  equinoxial  points  moving  backwards  constantly  at  this 
mean  rate  would  make  a  complete  revolution  of  the  ecliptic,  it  is 
only  necessary  to  find  how  often  50"*  l  must  be  repeated  to  make 
up  360°,  or,  what  is  the  same,  to  divide  the  number  of  seconds  in 
360°  by  50*1,  which  gives  25,868  years. 

178.  Its  effect  upon  tbe  longitudes  of  celestial  objects. — 
Although  this  motion,  slow  as  it  is,  is  easily  detected  &om  year  to 
year  by  modem  instruments,  it  was  not  until  the  sixteenth  century 
that  its  precise  rate  was  ascertained.  Small  as  is  its  annual  amount, 
its  accumulation,  continued  from  year  to  year  for  a  long  period  of 
time,  causes  a  great  displacement  of  all  the  objects  in  the  heavens, 
in  relation  to  the  equinoxial  points  from  which  longitudes  and  right 
ascensions  are  measured.  In  7 1  '6  years,  the  equinoxes  retrograde 
1°,  and  therefore,  in  that  time,  the  longitudes  of  all  celestial  objects 

.  of  fixed  position,  such  as  the  stars,  have  their  longitudes  augmented 
I®*  Since  the  formation  of  the  earliest  catalogues  in  which  the 
positions  of  the  fixed  stars  were  registered,  the  retrogression  of  the 
equinoxial  points  has  amoimted  to  30°,  so  that  the  present  longitudes 
of  all  the  objects  consigned  to  these  catalogues,  is  30°  greater  than 
those  which  are  there  assigned  to  them. 

1 79.  Precession  of  equinoxes  produces  a  rotation  of  tbe 
pole  of  tbe  equator  round  tbat  of  tbe  ecliptic.  —  If  two  diame- 
ters of  the  celestial  sphere  be  imagined  to  be  drawn,  one  perpeii- 
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dicular  to  the  plane  of  the  equator  and  the  other  to  that  of  the 
ediptic;  the  angle  included  between  them  will  obviouslj  be  equal 
to  the  angle  under  the  equator  and  ecliptic;  and  since  the  eztremitiee 
of  these  diameters  are  the  poles  of  the  equator  and  ecliptic,  it  follows 
that  the  arc  of  the  heavens  included  between  these  poles  is  equal 
to  the  obliquity  of  the  ecliptic. 

But  since  a  plane  passing  through  these  diameters  is  at  right 
angles  both  to  the  equator  and  ecliptic,  the  line  of  equinoxes  or  the 
intersection  of  the  planes  of  the  equator  and  ecliptic,  will  be  at 
right  angles  to  that  plane.  If,  therefore,  the  equinoxial  points 
revolve  round  the  ecliptic  in  a  retrograde  direction,  it  follows 
that  the  plane  passing  through  the  diameters  above  mentioned,  and 
through  the  poles  of  the  two  circles  to  which  the  line  joining  these 
points  is  at  right  angles,  will  revolve  with  a  like  motion,  round 
that  diameter  of  the  sphere  which  is  at  right  angles  to  the  plane  of 
the  ecliptic,  and  which  therefore  terminates  in  its  poles.  But  since 
the  pole  of  the  celestial  equator  is  upon  this  circle  at  a  distance 
from  the  pole  of  the  ecliptic  equal  to  the  obliquity  of  the  ecliptic, 
it  follows  that  the  pole  of  the  equator  will  be  carried  roimd  the 
pole  of  the  ecliptic,  in  a  lesser  circle  parallel  to  the  plane  of  the 
ecliptic,  with  a  retrograde  motion  exactly  equal  to  that  of  the 
equinoxial  points. 

180.  Bistanoe  of  pole  of  equator  flrom  pole  of  eoUptio 
varies  wltb  tlie  obliquity. — And  since  the  distance  of  the  pole 
of  the  equator  from  that  of  the  ecliptic  must  always  be  exactly 
equal  to  the  obliquity  of  the  ecliptic,  it  follows  that  every  change 
which  may  take  place,  from  whatever  cause,  in  the  position  of  the 
plane  of  the  equator,  whether  the  change  affect  the  angle  at  which 
it  is  inclined  to  the  ecliptic,  or  the  position  of  the  equinoxial  points, 
must  be  attended  with  a  corresponding  change,  either  in  the  ap- 
parent distance  of  the  pole  of  the  equator  from  that  of  the  ecliptic, 
or  in  the  rate  or  direction  of  the  motion  of  the  latter  round  the 
former. 

181.  Pole  star  varies  from  aire  to  aire. — As  the  pole  of  the 
equator  is  carried  with  this  slow  motion  round  the  pole  of  the  ecliptic, 
its  position  for  all  popular,  and  even  for  some  scientific,  purposes  is 
usually  indicated  by  the  nearest  conspicuous  star,  for  it  rarely 
happens  that  any  such  star  is  found  to  coincide  with  its  exact  place. 
Such  star  is  the  pole  star,  for  the  time  being;  and  it  is  clear  from 
this  motion  of  the  pole,  that  the  pole  star  must  necessarily  change 
from  aj;e  to  ago. 

The  present  polar  star  is  a  star  of  the  second  magnitude  in  the 
constellation  called  the  "Lessor  Bear,"  and  its  present  distance 
fit)m  the  exact  position  of  the  pole  is  l°  22'. 

The  motion  of  the  pole  as  above  described,  however,  is  sucli 
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that  this  difitance  is  gradually  diminishing,  and  will  continue  to 
diminish  until  it  is  reduced  to  about  half  a  degree;  after  which  it 
will  increase,  and  after  the  lapse  of  a  long  period  of  time,  the  pole 
will  depart  from  this  star,  and  it  will  cease  to  bear  the  name,  or 
serve  the  purposes,  of  a  pole  star. 

182.  rormer  and  ftitiire  pole  stars.  —  If  upon  any  star-map  a 
circle  be  traced  round  the  pole  of  the  ecliptic  at  a  distance  from  it 
of  23°*5,  such  circle  will  pass  through  all  positions  which  the  pole 
of  the  equator  will  have  in  time  to  come,  or  has  had  in  time 
past;  and  it  will  then  be  easily  seen  which  are  the  conspicuous 
stars  in  whose  neighbourhood  it  will  pass  in  after  ages,  and  near 
which  it  has  passed  in  past  ages,  and  which  will  become  in  future, 
or  have  been  in  past  times,  the  pole  star  of  the  age. 

In  1 2,000  years  from  the  present  time,  for  example,  it  will  be 
found  that  the  pole  will  pass  within  a  few  degrees  of  the  star  of 
the  first  magnitude  in  the  constellation  of  "  Lyra,"  called  a  Lyne. 

In  tracing  back  in  the  same  manner  the  position  of  the  pole 
among  the  stars,  it  is  foimd  that  at  an  epoch  3970,  or  nearly  4000 
years,  before  the  present  time,  the  pole  was  55°  15'  behind  its 
present  position  in  longitude ;  and  at  this  time  the  nearest  bright 
star  to  it  was  the  star  y,  in  the  constellation  of  "  Draco."  The 
distance  of  this  star,  at  thai  time,  fi-om  the  pole  must  have  been  3° 
44'  «5"- 

183.  Semarkable  oiroomstanoe  oonneoted  wltb  tbe  pyra- 
mids.—  In  the  researches  which  have  been  made  in  Egypt,  a 
somewhat  remarkable  cii'cumstance  has  been  discovered,  having 
relation  to  this  subject. 

Of  the  nine  pyramids  which  still  remain  standing  at  Gizeh,  six 
have  openings  presented  to  the  north,  leading  to  straight  passages 
which  descend  at  an  inclination  varying  from  26°  to  27®,  the  axes 
of  the  passages  being  in  all  cases  in  the  plane  of  the  meridian  of 
the  pyramid.  Two  pyramids,  still  standing  at  Abousseir,  have 
similar  openings  leading  to  passages  having  similar  directions. 

Now,- if  we  imagine  an  observer  stationed  at  the  bottom  of  any 
of  these  passages,  and  looking  out  along  its  axis  as  he  would  look 
through  the  tube  of  a  telescope,  his  view  will  be  directed  to  a  point 
upon  the  northern  meridian  of  the  place  of  the  pyramid  at  an  alti- 
tude of  between  26°  and  27°,  corresponding  with  the  slope  of  the 
passage.  This  is  precisely  the  altitude  at  which  the  star  y  Draconis 
must  have  passed  the  meiidian  below  the  pole,  at  the  date  of  3970 
years  before  the  present  time,  allowing  for  the  difference  of  position 
of  the  pole  according  to  the  principle  affecting  the  precession  of  the 
equinoxes  explained  above.  Now,  the  date  of  the  construction  of 
the  pyramids  corresponds  almost  exactly  with  this  epoch ;  and  it 
ot  be  doubted,  that  the  peculiar  dii*ection  given  to  these 
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passages  muAt  have  had  reference  to  the  position  of  y  Draconis^  the 
pole  star  of  that  age. 

1 84.  Vutation. — The  regression^  already  explained,  of  the  equi- 
noxial  points  upon  the  ecliptic,  must  he  understood  as  their  mean 
change  of  place  produced  hy  the  disturhing  forces  of  the  sun  and 
moon  upon  the  protuberant  matter  of  the  equator  in  long  periods  of 
tune.  But  this  regression  is  not  produced  at  a  uniform  rate.  The 
disturbing  forces  vary  in  their  actions  according  to  the  general 
principles  already  explained,  with  the  angles  formed  by  lines  drawn 
from  the  sun  and  moon  to  the  centre  of  the  earth  with  the  plane  of 
the  equator.  So  far  as  relates  to  the  sun,  this  variation  in  its  effect 
goes  through  all  its  changes  within  a  year.  In  the  case  of  the 
moon,  it  will  obviously  vary  from  montli  to  month  .and  from  year 
to  year,  with  the  change  of  position  of  the  moon*8  nodes;  and  as 
these  nodes  have  a  regressive  motion  making  a  complete  revolution 
in  about  nineteen  years,  the  variation  of  the  effect  of  the  moon's 
disturbing  force  will  pass  through  all  its  changes  within  that  period. 
The  regressive  motion  imparted  to  the  equinoxial  points,  and  also 
to  the  pole  of  the  equator  in  moving  round  the  pole  of  the  ecliptic, 
as  already  described,  by  the  sun  and  moon,  is  therefore  subject  to 
an  alternate  increase  and  decrease,  whose  period  is  a  year  for  the 
sun,  and  nineteen  yeara  for  the  moon. 

But  these  are  not  the  only  effects  produced  upon  the  position  of 
the  pole  of  the  equator  by  the  disturbing  action  of  the  moon  and 
sun.  According  to  the  effects  of  the  ordiogonal  component  of  the 
disturbing  force,  it  will  be  easily  understood  that  the  protuberant 
matter  of  the  equator  being  regarded  as  a  satellite  disturbed  by  the 
sun  and  moon,  the  inclination  of  the  plane  of  the  equator  to  the 
ecliptic  will  be  subject  to  a  variation  proceeding  from  the  disturb- 
inir  force  of  the  sun,  whose  period  will  be  a  year ;  and  its  inclina- 
tion to  the  plane  of  the  moon's  orbit  will  be  subject  to  a  like 
variation  whose  period  is  about  nineteen  years.  These  chjmges 
of  the  inclination  of  the  plane  of  the  equator  to  that  of  the 
ecliptic  and  the  moon's  orbit  will  be  attended  with  a  correspond- 
\n<x  motion  of  the  pole  of  the  equator  to  and  from  the  pole  of  the 
erliptic. 

This  alternate  approach  and  recess  of  the  pole  of  the  equator  to 
and  from  the  pole  of  the  ecliptic,  combined  with  the  alternate  increase 
and  decrease  of  it^  reprressive  motion,  is  called  the  nutation  ;  that 
part  of  it  due  to  the  sun  being  called  the  solar  nutation  ;  and  that 
due  to  the  moon,  the  lunar  nutation. 

The  solar  nutation  is  an  inequality  of  so  small  amount  as  alto- 
gether to  escape  observation,  and  therefore  must  be  looked  upon  to 
have  a  merely  theoretical  existence. 

It  is  otherwise,  however,  with  the  lunar  nutation.     By  the  alter- 
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nate  increase  and  decrease  of  the  regreasiTe  motion  of  the  pole, 
combined  with  its  alternate  approach  and  recess  to  and  from  the 
pole  of  the  ecliptic,  the  pole  is  moved  in  such  a  manner  that,  if  it 
were  afiected  only  by  the  disturbing  force 
of  the  moon,  it  would  describe  an  ellipse 
such  as  A  B  c  D,  fig.  48  ;  the  major  axis  of 
which  would  be  in  the  direction  a  £  of  the 
pole  of  the  ecliptic,  and  would  measure 
1 8"*^,  while  the  minor  axis  would  be  at 
right  angles  to  this  direction,  and  would 
measure  \7^""j/^ 

But  while  the  pole  of  the  equator  de- 
scribes this  ellipse  completing  its  revolution 
in  nineteen  years,  it  is  carried  by  the  conmion 
motion  of  precession,  in  a  retrograde  direc- 
tion, as  already  described,  at  the  rate  of 
50"*  1  in  each  year,  and  will,  therefore,  in 
nineteen  years  be  carried  throujjh  15'* 5  in 
its  motion  round  the  pole  of  the  equator. 
Now,  by  combining  this  motion  with  the 
elliptic  motion  already  described,  it  will  be 
easily  seen  that  the  pole  of  the  equator 
would,  in  revolving  round  the  pole  of  the 
ecliptic,  alternately  approaching  to  it  and 
j^..  receding  from  it  through  9"-25,  describe 

'**  an  undulating  line  such  as  is  represented  in 

/J^  49,  where  P  represents  the  pole  of  the  ecliptic 

185.  Sanation  of  tbe  equinoxes.  —  Since  the  regression  of  the 

equinoxes  does  not  take  place 
at  an  uniform  rate,  but  is  subject 
to  variations,  alternately  in- 
creasing and  decreasing  during 
every  nineteen  years,  its  true 
place  will  differ  from  its  mean 
place.  K  we  conceive  an  ima- 
ginary equinoxial  point  moving 
backward,  with  an  uniform  mo- 
tion at  the  rate  of  50"- 1,  the 
place  of  such  point  would  be  the 
mean  place  of  the  equinoxial 
point.  The  true  place  would 
J,.  vary  fi^m  this,  preceding  it  when 

'*"*^'  the  disturbing  force  augments 

the  rate  at  which  the  equinoxial  point  moves,  and  falling  behind  it 
when  it  decreases  that  rate. 
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The  diBtance  between  the  true  and  imaginary  eqninoxial  points 
is  called  the  eqxjatiok  of  the  equinoxes. 

The  mean  place  of  the  equinox  for  any  proposed  time  is  given  by 
tables ;  and  tiie  equation  of  the  equinoxes  for  the  proposed  time 
gives  the  quantity  to  be  added  to^  or  subtracted  from,  the  mean  place, 
to  find  the  true  place. 

186.  Proportion  of  tbe  meaii  preoession  dne  to  tbe  dis- 
torblnir  forces  of  tbo  moon  and  snn. — If  the  entire  amount  of 
the  mean  precession  in  a  given  time  be  expressed  by  7,  the  part  due 
to  the  moon  will  be  5,  and  that  due  to  the  sun  will  be  2. 

187.  Uke  effeots  produced  in  tbe  case  of  other  planets* — 
These  disturbing  effects  produced  upon  the  plane  of  the  planet's 
equator,  are  not  confined  to  the  case  of  the  eortii.  All  the  planets 
which  have  the  spheroidal  form,  are  subject  to  similar  effects  from 
the  flim*s  attraction  on  their  equatorial  protuberance,  the  magnitude 
of  these  effects  being,  however,  less  as  the  distance  from  the  sun  is 
increased.  In  the  case  of  the  major  planets,  the  sun's  disturbing 
action  on  the  planet's  equator,  proceeding  from  this  cause),  will  be 
altogether  insensible. 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  however,  must  be 
considerable  in  magnitude,  especially  so  far  as  relates  to  the  inner 
satellites,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  each  of  the  satellites  separately  being  combined  in 
affecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  these  phenomena  are  necessarily  locial,  and 
manifested  only  to  observers  on  the  planet,  they  offer  merely  spe- 
culative interest  to  the  terrestrial  astronomer. 
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THE  MOO:f. 


1 88.  Tbe  moon  an  abject  of  popular  interest. — Although 
it  be  in  mere  magnitude,  and  physically  considered,  one  of  the  most 
insignificant  bodies  of  the  solar  system,  yet  for  various  reasons,  the 
MOON  hi\s  always  been  regarded  by  mankind  with  feelings  of  pro- 
found interest,  and  has  been  invested  by  the  popular  mind  with 
various  influences,  affecting  not  only  the  physical  condition  of  the 
globe,  but  also  the  phenomena  of  the  organised  world.  It  has  been 
as  much  an  object  of  popular  superstition  as  of  scientific  observa- 
tion.   These  circimistances,  doubtless,  are  in  some  de^^^  ofsfjSx^^Mci 
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its  striking  appearance  in  the  firmament^  to  the  Tarious  changes  of 
form  to  whidi  it  is  subjecty  and  above  all  to  its  proximity  to  the 
earth,  and  the  dose  alliance  between  it  and  our  planet 

1 89.  Its  distanee. — The  distance  of  the  moon  from  the  earth 
is  assumed  to  be  about  thirty  times  the  earth's  diameter,  or  in 
round  numbers  238,8cx>  miles. 

1 90.  linear  value  of  I  *'  on  it. — The  linear  value  which  cor- 
responds to  the  visual  angle  of  one  second  of  space  on  the  surface 
of  the  moon  is  1*158  mile.*  Any  space,  therefore,  upon  the  moon, 
measured  by  its  visual  angle,  can  be  reduced  to  its  actual  linear 
value,  provided  its  direction  be  at  right  angles  to  the  visual  ray, 
which  it  will  be  if  it  be  at  the  centre  of  the  lunar  disk.  If  it  be 
between  the  centre  and  the  edges  it  will  be  foreshortened  by  the 
obliquity  of  the  moon's  surface  (o  the  line  of  vision,  and,  conse- 
quently, the  linear  value  thus  computed  will  be  the  real  linear 
value  diminished  by  projection,  which,  however,  can  be  easily 
allowed  for,  so  that  the  true  linear  value  can  be  obtained  for  every 
part  of  the  lunar  disk. 

191.  Zts  apparent  and  real  diameter.— The  apparent  dia- 
meter of  the  moon  is  subject  to  a  slight  variation,  owing  to  a  cor- 
responding variation  due  to  the  small  ellipticaty  of  its  orbit.  Its 
mean  value  is  found  to  be  31'  9'^*58,  or,  iixmi  the  most  exact 
methods,  2 1 64  miles. 

Since  the  superticial  magnitude  of  spheres  is  as  the  squares,  and 
their  volume  or  solid  bulk  as  the  cubes,  of  their  diameters,  it  follows, 
that  the  superficial  extent  of  the  moon  is  abfrut  the  fourteenth  part 
of  the  surface,  and  its  volume  about  the  forty-ninth  part  of  the 
bulk,  of  our  globe. 

192.  Apparent  and  real  motion. — The  moon,  like  the  sun, 
appears  to  move  upon  the  celestial  sphere  in  a  direction  contrary  to 
that  of  the  diurnal  motion.  Its  apparent  path  is  a  great  circle  of 
the  sphere,  inclined  to  the  ecliptic  at  an  angle  of  about  5°  8'  48". 
It  completes  its  revolution  of  the  heavens  in  27*  7**  43"". 

This  apparent  motion  is  explained  by  a  real  motion  of  the  moon 
round  the  earth  at  the  mean  distance  above  mentioned,  and  in  the 
time  in  which  the  apparent  revolution  is  completed. 

193.  Bonrly  motiont  apparent  and  roaL — Since  the  time 
taken  by  the  moon  to  make  a  complete  revolution,  or  360°  of  the 
heavens,  is  27^  7**  43",  or  655*'72,  it  follows,  that  her  mean  ap- 
parent motion  per  day  is  13°  10'  35^^,  and  per  hour  is  32'  56'^ 
which  is  a  little  more  than  her  mean  apparent  diameter.  The  rate 
of  the  moon's  apparent  motion  on  the  firmament  may  therefore  be 
remembered  by  the  fact,  that  she  moves  over  the  length  of  her  own 
apparent  diameter  in  an  hour. 

•  For  the  method  of  determining  the  linear  value  of  an  arc  of  1°,  i',  or  i" 
at  a  diAUnt  object,  tee  Chapter  XXIIL 
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Since  the  linear  value  of  i'^  at  the  moon*8  diatance  is  I '1 58  mile, 
the  linear  value  of  i'  is  69  miles,  and,  consequently,  the  real  motion 
of  the  moon  per  hour  in  her  orbit,  is  2289  miles.  Her  orbital 
motion  is  therefore  at  the  rate  of  387  miles  per  minute. 

194.  Orbit  elliptical. — Although  in  its  general  form  and 
character  the  path  of  the  moon  round  the  earth  is,  like  the  orbits 
of  the  planets  and  satellites,  circular,  yet  when  submitted  to  accu- 
rate observation,  we  find  that  it  is  strictly  an  ellipse  or  ovial,  the 
centre  of  the  earth  occupying  one  of  its  foci.  This  fact  can  be  as- 
certained by  immediate  observation  upon  the  apparent  magnitude 
of  the  moon.  It  will  be  easily  comprehended  that  any  change 
which  the  apparent  magnitude,  as  seen  from  the  earth,  undergoes, 
must  arise  from  corresponding  changes  in  the  moon's  distance  from 
us.  Thus,  if  at  one  time  the  disk  of  the  moon  appears  larger  than 
at  another  time,  as  it  cannot  be  supposed  that  the  actual  size  of  the 
moon  itself  could  be  changed,  we  can  only  ascribe  the  increase  of 
the  apparent  magnitude  to  the  diminution  of  its  distance.  Now  we 
find  by  observation  that  such  apparent  changes  are  actually  observed 
in  its  monthly  course  around  the  earth.  The  moon  is  subject  to  a 
small  though  perceptible  variation  of  apparent  size.  We  find  that 
it  diminishes  until  it  reaches  a  minimum,  and  then  gradually  in- 
n-easos  until  it  reaches  a  maximum. 

When  the  apparent  magnitude  is  least,  it  is  at  its  greatest 
distance,  and  when  greatest,  at  its  least  distance.  The  positions 
i:i  which  these  distances  lie  are  directly  opposite.  Between 
iliese  two  positions  the  apparent  size  of  the  moon  imdergoes  a 
re<rular  and  gradual  change,  increasing  continually  from  its  mini- 
nuini  to  its  maximum,  and  consequently  between  these  positions 
its  distance  must  gradually  diminish  from  its  maximum  to  its 
minimum.  If  we  lay  down  on  a  chart  or  plan  a  delineation  of 
the  course  or  path  thus  determined,  we  shall  find  that  it  will  re- 
present an  oval,  which  differs  however  very  little  from  a  circle; 
tlie  place  of  the  earth  being  nearer  to  one  end  of  the  oval  than  the 
other. 

195.  Moon*s  apsides  —  apogee  and  perigee — proflression 
of  the  apsides. — The  point  of  the  moon's  path  in  the  heavens  at 
which  its  magnitude  appears  the  greatest,  and  when,  therefore,  it 
is  nearest  the  earth,  is  called  its  perigee  ;  and  the  point  where  it« 
apparent  size  is  least,  and  where,  therefore,  its  distance  from  the 
earth  is  greatest,  is  called  its  apogee.  These  two  points  are  called 
the  moon's  apsides. 

If  the  positions  of  these  points  in  the  heavens  be  obser\'ed  ac- 
curately for  a  length  of  time,  it  will  be  found  that  they  are  subject  to 
a  regular  change  ;  that  is  to  say,  the  place  where  the  moon  appears 
smallest  will  every  month  shift  its  position  j  and  a  correa^vvi\\i^ 


132  ASTRONOMY. 

change  will  take  place  in  the  point  where  it  appears  largest  The 
movement  of  these  points  in  the  heavens  is  found  to  he  in  the  same 
direction  as  the  general  movement  of  the  planets;  that  is,  from 
west  to  east,  or  progressive.  This  phenomenon  is  called  the  pro- 
gression OF  THE  moon's  APSIDES. 

The  rate  of  this  progression  of  the  moon's  apsides  makes  a  com- 
plete revolution  in  a  similar  direction  as  the  motion  of  the  moon,  in 
3232*5753  mean  solar  days,  or  nearly  nine  years. 

196.  BKoon's  nodes — ascendlnr  and  desoendlnr  node  — 
tbetr  retrorression.  —If  the  position  of  the  moon's  centre  in  the 
heavens  he  observed  from  day  to  day,  it  will  be  found  that  its 
apparent  path  is  a  great  circle,  making  an  angle  of  about  5°  with 
the  ecliptic.  This  path  consequently  crosses  the  ecliptic  at  two 
points  in  opposite  quarters  of  the  heavens.  These  points  are  called 
the  moon's  nodes.  Their  positions  are  ascertained  by  observing  from 
time  to  time  the  distance  of  the  moon's  centre  from  the  ecliptic, 
which  is  the  moon's  latitude ;  by  watching  its  gradual  diminution, 
and  finding  the  point  at  which  it  becomes  nothing;  the  moon's 
centre  is  then  in  the  ecliptic,  and  its  position  is  the  NopE.  The  node 
At  which  the  moon  passes  from  the  south  to  the  north  of  the  ecliptic 
is  called  the  ascending  node^  and  that  at  which  it  passes  from  the 
north  to  the  south  is  called  the  descending  node. 

These  points,  like  the  apsides,  are  subject  to  a  small  change 
of  position,  but  in  a  retrograde  direction.     They  make  a  complete 
.  revolution  of  the  ecliptic  in  a  direction  contrary  to  thy  motion  of  the 
sun  in  18*6  years,  being  at  the  rate  of  3'  io"'6  per  day. 

197.  Rotation  on  its  axis.  — While  the  moon  moves  round  the 
earth  thus  in  its  monthly  course,  we  find,  by  observations  of  its 
appearance,  made  even  without  the  aid  of  telescopes,  that  the  same 
hemisphere  is  always  turned  towards  us.  We  recognise  this 
fact  by  observing  that  the  same  marks  are  always  seen  in  the 
same  positions  upon  it.  Now  in  order  that  a  globe  which  revolves 
in  a  circle  around  a  centre  should  turn  continually  the  same 
hemisphere  towards  that  centre,  it  is  necessary  that  it  should  make 
one  revolution  upon  its  axis  in  the  time  it  takes  so  to  revolve. 
For  let  us  suppose  that  the  globe,  in  any  one  position,  has  the 
centre  round  which  it  revolves  north  of  it,  the  hemisphere  turned 
toward  the  centre  is  turned  toward  the  north.  After  it  makes  a 
quarter  of  a  revolution,  the  centre  is  to  the  east  of  it,  and  the 
hemisphere  which  was  previously  turned  to  the  north  must  now  be 
turned  to  the  east.  After  it  has  made  another  quarter  of  a  revolu- 
tion the  centre  will  be  south  of  it,  and  it  must  be  now  turned  to  the 
south.  In  the  same  manner,  after  another  quarter  of  a  revolution^ 
it  must  be  turned  to  the  west  As  the  same  hemisphere  is  succes- 
sively turned  to  all  the  points  of  the  compass  in  one  revolution,  it 
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is  evident  that  the  globe  itself  must  make  a  single  revolution  on  its 
axis  in  that  time. 

It  appeal's,  then,  that  the  rotation  of  the  moon  upon  its  axis, 
being  equal  to  that  of  its  revolution  in  its  orbit,  is  27*  7**  43™, 
or  65  5^  43*".  The  intervals  of  light  and  darkness  to  the  inhabitants 
of  the  moon,  if  there  were  any,  would  then  be  altogether  different 
from  those  provided  in  the  planets ;  there  would  be  about  327**  52" 
of  continuea  light  alternately  with  327**  5  2™  of  continued  darkness ; 
the  analogy,  then,  which,  as  will  hereafter  appear,  prevails  among 
the  planets  with  regard  to  days  and  nights,  and  which  forms  a  main 
argument  in  favour  of  the  conclusion  that  they  ore  inhabited  globes 
like  the  earth,  does  not  hold  good  in  the  case  of  the  moon. 

198.  Znclination  of  axis  of  rotation. — Although  as  a  general 
proposition  it  be  true  that  the  same  hemisphere  of  the  moon  is  al- 
ways turned  toward  the  earth,  yet  there  are  a:i  all  variations  at  the 
edge  called  librations,  which  it  is  necessary  to  notice.  The  axis 
of  the  moon  is  not  exactly  perpendicular  to  its  orbit,  being  inclined 
to  the  ecliptic  at  the  small  angle  of  1°  30'  lo"'8.  By  reason  of 
this  inclination,  the  northern  and  southern  poles  of  the  moon  lean 
alternately  in  a  slight  degree  to  and  from  the  earth. 

199.  ILibratlon  In  latitude.  —  When  the  north  pole  leans 
towurds  the  earth,  we  see  a  little  more  of  that  region,  and  a  little 
less  wlien  it  leans  the  contrary  way.  This  vai'iation  in  the 
northern  and  southern  i-egious  of  the  moon  visible  to  us,  is  called 

the  LIBRATIOX  IN  LATITUDE. 

200.  ILlbratlon  in  longitude.  ^  In  order  that  in  a  strict  sense 
the  same  hemisphere  should  be  continually  turned  toward  the  earth, 
the  time  of  rotation  upon  its  axis  must  not  only  be  equal  to  the 
time  of  rotation  in  its  orbit,  which  in  fact  it  is,  but  its  angular  velocity 
on  its  axis  in  every  part  of  its  course,  must  be  exactly  equal  to  its 
ang-ular  velocity  in  its  orbit.  Now  it  happens  that  while  its  angular 
velocity  on  its  axis  is  rigorously  uniform  throughout  the  month,  its 
anjrular  velocity  in  its  orbit  is  subject  to  a  slight  vaiiation ;  the 
consequence  of  this  is  that  a  little  more  of  its  eastern  or  western 
edfre  is  seen  at  one  time  than  at  another.    This  is  called  the  libra- 

TION  IX  LOXGITUDK. 

201.  Diurnal  libration. — By  the  diurnal  motion  of  the  earth, 
we  are  carried  with  it  round  its  axis ;  the  stations  from  which  we 
view  the  moon  in  the  moraing  and  evening,  or  rather  when  it  rises 
and  when  it  sets,  are  then  ditterent  according  to  the  latitude  of  the 
earth  in  which  we  are  placed.  By  thus  viewing  it  from  dillerent 
places,  we  s<^e  it  under  slightly  different  aspects.  This  is  another 
cause  of  a  variation,  which  we  see  in  its  eastern  and  western  edges  ; 
this  is  called  the  diurnal  libratiox. 

202.  Pbases  of  tbe  moon. — While  the  moon  revolver. \Q)>rc\vi 
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the  earth,  its  illuminated  hemisphere  is  always  presented  to  the  sun ; 
it  therefore  takes  various  positions  in  reference  to  the  earth.  In 
Jiff.  50^  the  effects  of  this  are  exhibited.     Let  E  s  represent  the  di- 


Fig  50. 

rection  of  the  sun,  and  e  the  earth :  when  the  moon  is  at  N,  between 
the  sun  and  the  earth,  its  illuminated  hemisphere  being  turned 
toward  the  sun,  its  dark  hemisphere  will  be  presented  toward  the 
earth ;  it  will  therefore  be  invisible.  In  this  position  the  moon  is 
said  to  be  in  conjunction. 

When  it  moves  to  the  position  c,  the  enlightened  hemisphere 
being  still  presented  to  the  sim,  a  small  portion  of  it  only  is 
turned  to  the  earthy  and  it  appears  as  a  thin  crescent^  as  represented 
at  c. 

When  the  moon  takes  the  position  of  %  at  right  angles  to  the  sun 
it  is  said  to  be  in  quadrature  ;  one  half  of  the  enlightened  hemi- 
sphere only  is  then  presented  to  the  earthy  and  the  moon  appears 
halved  as  represented  at  q. 

When  it  arrives  at  the  position  G,  the  greater  part  of  the  en- 
lightened portion  is  turned  to  the  earth,  and  it  is  gibbous,  appearing 
as  represented  at  g. 

When  the  moon  comes  in  opposition  to  the  sun,  as  seen  at  F, 
the  enlightened  hemisphere  is  turned  full  toward  the  earth,  and  the 
moon  will  appear  full  as  at  /,  unless  it  be  obscured  by  the  earth's 
shadow,  which  rarely  happens.  In  the  same  manner  it  is  shown 
that  at  g'  it  is  again  gibbous ;  at  Q'  it  is  halved,  and  at  c'  it  is  a 
crescent. 

When  the  moon  is  full,  being  in  opposition  to  the  sim,  it  will 
necessarily  be  in  the  meridian  at  midnight,  and  will  rise  nearly  aa 
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the  sun  sets,  and  set  nearly  as  the  sun  rises ;  and  thus,  whenever 
the  enlightened  hemisphere  is  turned  toward  us,  and  when,  therefore, 
it  is  the  most  capable  of  benefiting  us,  it  is  above  the  horizon  all 
night ;  whereas,  when  it  is  in  conjunction,  as  at  N,  and  the  dark 
hemisphere  is  turned  toward  us,  it  would  then  be  of  no  use  to  us, 
and  is  accordingly  above  the  horizon  during  the  day.  The  position 
at  a  is  called  the  "  first  quarter,"  and  at  a'  the  "last  quarter."  The 
position  at  c  is  called  the  first  octant;  g  the  second  octant;  o'the  third 
octant ;  and  cf  the  fourth  octant.  At  the  first  and  fourth  octants 
it  is  a  crescent,  and  at  the  second  and  third  octants  it  is  gibbous. 

203.  Byuodlo  period  or  comnioii  montli. — The  apparent 
motion  of  the  moon  in  the  heavens  is  much  more  rapid  than  that  of 
the  Sim ;  for  while  the  sun  makes  a  complete  circuit  of  the  ecliptic  in 
365*25  days,  and  therefore  moves  over  it  at  about  61'  per  day,  the 
moon  moves  at  the  rate  of  1 3°  i  o'  3  5"  (193)  per  day.  As  the  sun 
and  moon  appear  to  move  in  the  same  direction  in  the  firmament, 
both  proceeding  from  west  to  east,  the  moon  will,  after  conjunction, 
depart  from  the  sun  toward  the  east  at  the  rate  of  about  1 2**  9'  per 
day.  If  then,  the  moon  be  in  conjunction  with  the  sun  on  any  given 
day,  it  will  be  1 2°  9'  east  of  it  at  the  same  time  on  the  following 
day ;  24°  1 8'  east  of  it  after  two  days,  and  so  on.  If,  then,  the  moon 
set  with  the  sun  on  any  evening,  it  will,  at  the  moment  of  sunset 
on  the  following  evening,  be  1 2°  9'  east  of  the  sun,  and  at  sunset 
will  appear  as  a  thin  crescent,  at  a  considerable  altitude ;  on  the 
succeeding  day  it  will  be  24®  18'  east  of  the  sun,  and  will  be  at 
a  still  greater  altitude  at  sunset,  and  will  be  a  broader  crescent. 
After  seven  days,  the  moon  will  be  removed  nearly  90°  from  the 
sun ;  it  will  be  at  or  near  the  meridian  at  sunset.  It  will  remain 
in  the  heavens  for  about  six  hours  after  sunset,  and  will  be  seen  in 
the  west  as  the  half-moon.  Each  successive  evening  increasing  its 
distance  from  the  sun,  and  also  increasing  its  breadth,  it  will  be 
visible  in  the  meridian  at  a  later  hour,  and  will  consequently  be 
longer  apparent  in  the  firmament  during  the  night — it  will  then  be 
gibbous.  After  about  fifteen  days,  it  will  be  1 80°  removed  from 
the  sun,  and  will  be  full,  and  consequently  will  rise  when  the  sim 
sets,  and  set  when  the  sun  rises — being  visible  the  entire  night. 
After  the  lapse  of  about  twenty-two  days,  the  distance  of  the  moon 
fron:  the  sim  being  about  270°,  it  will  not  reach  the  meridian 
until  nearly  the  hour  of  sunrise  ;  it  will  then  be  visible  during  the 
last  six  hours  of  the  night  only.  The  moon  will  then  be  waning, 
and  toward  the  close  of  the  month  will  only  be  seen  in  the  morn- 
ing before  sunrise,  and  will  appear  as  a  crescent. 

If  the  earth  and  sun  were  both  stationary  while  the  moon  rev.olve3 
round  the  former,  the  period  of  the  phases  would  be  the  same  as 
the  period  of  the  moon.     But  from  what  has  been  explained,  it  will 
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be  evident  that  while  the  moon  makes  its  apparent  reTolation  of 
the  heavens  in  about  27*3  days,  the  sun  advances  through  somewhat 
more  than  27^  of  the  heavens,  m  {he  same  direction.  Before  the 
moon  can  reassume  the  same  phase,  it  must  have  the  same  position 
relative  to  the  sun,  and  must,  therefore,  overtake  it  But  since  it 
moves  at  the  rate  of  about  i^  in  two  hours,  it  will  take  more  than 
two  days  to  move  over  27**.  Henee  the  stitodio  period,  or  lunar 
month,  or  the  interval  between  two  successive  conjunctions,  is  about 
two  days  longer  than  the  sidereal  period  of  our  satellite. 

The  exact  length  of  the  synodic  period  is  29*  12*  44"*  2**87,  or 
29*53059  mean  solar  davs. 

204.  Mam  and  density.  —  The  result  of  the  most  recent  solu- 
tions of  this  problem,  by  various  methods  and  on  different  data, 
proves  that  the  mass  or  quantity  of  matter  composing  the  globe  of 
the  moon  is  a  little  more  than  the  80th  part  of  the  mass  of  the 
earth ;  or,  more  exactly,  if  the  mass  of  the  earth  consist  of  a 
million  of  equal  parts,  the  mass  of  the  moon  will  be  equal  to 
1 2, 500  of  these  parts. 

Since  the  volume  or  bulk  of  the  moon  is  about  the  50th  part 
of  that  of  the  earth,  while  its  mass  or  weight  is  little  more  than 
the  Both  part  of  that  of  the  earth,  it  follows  that  its  mean  density 
must  be  little  more  than  half  the  density  of  the  earth. 

205.  Vo  air  upon  tlie  moMi.  —  In  order  to  determine  whether 
or  not  the  globe  of  the  moon  is  surrounded  with  any  gaseous 
envelope  like  the  atmosphere  of  the  earth,  it  is  necessary  first  to 
consider  what  appearances  such  an  appendage  would  present,  seen 
at  the  moon's  distance,  and  whether  any  such  appearances  are 
discoverable. 

According  to  ordinary  and  popular  notions,  it  is  difficult  to  sepa- 
rate the  idea  of  an  atmosphere  from  the  existence  of  clouds ;  yet 
to  produce  clouds  something  more  is  necessary  than  air.  The 
presence  of  water  is  indispensable,  and  if  it  be  assumed  that  no 
water  exist,  then  certainly  the  absence  of  clouds  is  no  proof  of  the 
absence  of  an  atmosphere.  Be  this  as  it  may,  however,  it  is  cer- 
tain that  there  are  no  clouds  upon  the  moon,  for  if  there  were,  we 
should  immediately  discover  them,  by  the  variable  lights  and 
shadows  they  would  produce.  If  there  be,  then,  an  atmosphere 
upon  the  moon,  it  is  one  entirely  unaccompanied  by  clouds. 

One  of  the  effects  produced  by  a  distant  view  of  an  atmosphere 
surrounding  a  globe,  one  hemisphere  of  which  is  illuminated  by 
the  sun,  is,  that  the  boundary,  or  line  of  separation  between  the 
hemisphere  enlightened  by  the  sun  and  the  dark  hemisphere,  is  not 
sudden  and  sharply  defined,  but  is  gradual — the  light  fading  away 
by  slow  degrees  into  the  darkness. 

It  is  to  this  effect  upon  the  globe  of  the  earth  that  twilight 
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is  owing,  and  such  a  gradual  fading  away  of  the  sun*s  light  is 
discoverable  on  some  of  the  planets,  upon  which  an  atmosphere  is 
observed. 

Now,  if  such  an  effect  of  an  atmosphere  were  produced  upon 
the  moon,  it  would  be  perceived  by  the  naked  eye,  and  still  more 
distinctly  with  the  telescope.  When  the  moon  appears  as  a  cres- 
cent, its  concave  edge  is  the  boundary  which  separates  the  en- 
lightened from  the  dark  hemisphere.  When  it  is  in  the  quarters, 
the  diameter  of  the  semicircle  is  also  that  boundary.  In  neither  of 
these  cases,  however,  do  we  ever  discover  the  slightest  indication  of 
any  such  appearance  as  that  which  has  just  been  described.  There 
is  no  gradual  fading  away  of  the  light  into  the  darkness ;  on  the 
contrary,  the  boundary,  though  serrated  and  irregular,  is  neverthe- 
less perfectly  well-defined  and  sudden. 

All  these  circumstances  conspire  to  prove  that  there  does  not 
exist  upon  the  moon  an  atmosphere  capable  of  reflecting  light  in 
any  sensible  degree. 

The  magnitude  and  motion  of  the  moon  and  the  relative 
positions  of  the  stars  are  so  ac^<urately  known,  that  nothing  is 
more  easy,  certain,  and  precise,  than  the  observations  which  may 
be  made  with  the  view  of  ascertaining  whether  any  stars  are  ever 
seen  which  are  sensibly  behind  the  edge  of  the  moon.  Such 
obser^'ations  have  been  made,  and  no  such  effect  has  ever  been 
detected.  This  species  of  observation  is  susceptible  of  such  ex- 
treme accuracy,  that  it  is  certain  that  if  an  atmosphere  existed 
upon  the  moon  a  thousand  times  less  dense  than  our  own,  its  pre- 
sence must  be  detected. 

Bessel  has  calculated  that  if  the  difference  between  the  apparent 
diameter  of  the  moon,  and  the  arc  of  the  firmament  moved  over 
by  the  moon's  centre  during  the  occultation  of  a  star,  centricaUy 
occulted,  were  admitted  to  amount  to  so  much  as  2'',  and  allowing 
for  the  possible  effect  of  mountains,  by  which  the  edge  of  the  disk 
is  serrated,  taking  these  at  the  extreme  height  of  24,000  feet,  the 
densit}'  of  the  limar  atmosphere,  whose  refraction  would  produce 
fiuch  an  effect,  would  not  exceed  the  968th  part  of  the  density  of 
the  earth's  atmosphere,  supposing  the  two  fluids  to  be  similarly 
constituted.  Nor  would  this  conclusion  be  materially  modified  by 
any  supposition  of  an  atmosphere  composed  of  gases  different  from 
the  constituents  of  the  earth's  atmosphere. 

The  earth's  atmosphere  supports  a  column  of  30  inches  of 
mercury;  an  atmosphere  1 000  times  less  dense  would  support 
a  column  of  three-tenths  of  an  inch  only.  We  may  therefore 
consider  it  as  an  established  fact,  that  no  atmosphere  exists  on 
the  moon  having  a  density  even  as  great  as  that  which  i-eraains 
under  the  receiver  of  the  most  perfect  air-pump,  after  that  in- 
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Btrument  has  withdrawn  from  it  the  air  to  the  utmost  extent  of  its 
power. 

If  further  proofs  of  the  nonexistence  of  a  lunar  atmosphere 
were  required;  Sir  J.  Herschel  indicates  several  which  are  found 
in  the  phenomena  of  eclipses.  In  a  solar  eclipse  the  existence  of 
an  atmosphere  having  any  sensible  i-efraction^  would  enable  us 
to  trace  the  limb  of  the  moon  beyond  the  cusps  externally  to  the 
sun's  disk;  by  a  narrow  hut  briUumt  line  of  light  extending  to 
some  distance  along  its  edge.  No  such  phenomenon  has^  however, 
been  seen. 

If  there  were  any  appreciable  quantity  of  vapour  suspended 
over  the  moon's  surface,  oery  faint  stars  ought  to  disappear  behind 
it  before  the  moment  of  their  occultation  by  the  interposition  of 
the  moon's  edge.  Such,  however,  is  not  the  case.  WTien  occulted 
nt  the  enlightened  edge  of  the  limar  disk,  the  light  of  the  moon 
overpowers  them  and  renders  them  invisible,  and  even  at  the  dark 
edge  the  glare  in  the  sky,  caused  by  the  proximity  of  the  enlightened 
part  of  the  disk,  renders  the  occultation  of  extremely  minute  stars 
incapable  of  observation. 

206.  Moonliclit  not  ■ensiblj  oalorillo.  —  It  has  long  been  an 
object  of  inquiry  whetlier  the  light  of  the  moon  has  any  heat,  but 
the  most  delicate  experiments  and  observations  have  failed  to 
detect  this  property  in  it.  The  light  of  the  moon  was  collected 
into  the  focus  of  a  concave  mirror  of  such  magnitude  as  would 
have  been  sufficient,  if  exposed  to  the  sun's  light,  to  evaporate  gold 
or  platinum.  The  bulb  of  a  differential  thermometer,  sensitive 
enough  to  show  a  change  of  temperature  amounting  to  the  500th 
part  of  a  degree,  was  placed  in  its  focus  so  as  to  receive  upon  it 
the  concentrated  rays.  Yet  no  sensible  effect  was  produced.  We 
must,  therefore,  conclude  that  the  light  of  the  moon  does  not 
possess  the  calorific  property  in  any  sensible  degree.  But  if  the 
rays  of  the  moon  b^  not  warm,  the  vulgar  impression  that  they 
are  cold  is  equally  erroneous.  We  have  seen  that  they  produce  no 
effect  either  way  on  the  thenuometer. 

207.  Vo  liquids  on  tbe  moon. — The  same  physical  tests 
which  show  the  nonexistence  of  an  atmosphere  of  air  upon  the 
moon  are  equally  conclusive  against  an  atmosphere  of  vapour.  It 
might,  therefore,  be  inferred  that  no  liquids  can  exist  on  the  moon's 
surface,  since  they  would  be  subject  to  evaporation.  Sir  John 
Herschel,  however,  ingeniously  suggests  that  the  nonexistence  of 
vapour  is  not  conclusive  against  evaporation.  One  hemisphere  of 
the  moon  being  exposed  continuously  for  328  hours  to  the  glare  of 
sunshine  of  an  intensity  greater  than  a  tropical  noon,  because  of  the 
absence  of  an  atmosphere  and  clouds  to  mitigate  it,  while  the  other 
Is  for  an  equal  interval  exposed  to  a  cold  far  more  rigorous  than 


THE  MOON,  139 

that  which  prevailB  on  the  summits  of  the  loftiest  momitains  or  in 
the  polar  region,  the  consequence  would  be  the  immediate  evapora-: 
tion  of  all  liquids  which  might  happen  to  exist  on  the  one  hemi- 
sphere, and  the  instantaneous  condensation  and  congelation  of  the 
vapour  on  the  other.  The  vapour  would,  in  short,  be  no  sooner 
formed  on  the  enlightened  hemisphere,  than  it  would  rush  to  the 
vacuum  over  the  dark  hemisphere,  where  it  would  be  instantly 
condensed  and  congealed,  an  effect  which  Herschel  aptly  illustrates 
by  the  familiar  experiment  of  the  cbyophobus.  The  consequence, 
as  he  observes,  of  this  state  of  things  would  be  absolute  aridity 
below  the  vertical  sun,  constant  accretion  of  hoar  frost  in  the 
opposite  region,  and  perhaps  a  narrow  zone  of  running  water  at  the 
borders  of  the  enlightened  hemisphere.  He  conjectures  that  this* 
rapid  alternation  of  evaporation  and  condensation  may  to  some  extent 
preserve  an  equilibrium  of  temperature,  and  mitigate  the  severity 
of  both  the  diurnal  and  nocturnal  conditions  of  the  surface.  He 
admits  nevertheless  that  such  a  supposition  could  only  be  compa- 
tible with  the  tests  of  the  absence  of  a  transparent  atmosphere  even 
of  vapour  within  extremely  narrow  limits ;  and  it  remains  to  be 
seen  whether  the  general  physical  condition  of  the  lunar  surface  as 
disclosed  by  the  telescope  be  not  more  compatible  with  the  suppo- 
i  ition  of  the  total  absence  of  all  liquid  whatever. 

It  appears  to  have  escaped  the  attention  of  those  who  assume  the 
possibility  of  the  existence  of  water  in  the  liquid  state  on  the  moon, 
that  in  the  absence  of  an  atmosphere,  the  temperature  must  neces- 
sarily be,  not  only  far  below  the  point  of  congelation  of  water,  but 
even  that  of  most  other  known  liquids.  Even  within  the  ti-opics, 
and  under  the  line  with  a  vertical  sun,  the  height  of  the  snow  line 
does  not  exceed  16,000  feet;  and  nevertheless  at  that  elevation, 
and  still  higher,  there  prevails  an  atmosphere  capable  of  supporting 
a  considerable  column  of  mercury.  At  somewhat  greater  elevations, 
but  still  in  an  atmosphere  of  very  sensible  density,  mercury  is  con- 
gealed. -rVnalogy,  therefore,  justifies  the  inference  that  the  tf>tal, 
or  nearly  total,  absence  of  air  upon  the  moon  is  altogether  incompa- 
tible with  the  existence  of  water,  or  probably  any  other  body  in  the 
liquid  state,  and  necessarily  infers  a  temperature  altogether  incom- 
patible with  the  existence  of  organised  beings  in  any  respect  ana- 
logous to  those  which  inhabit  the  earth. 

But  another  conclusive  evidence  of  the  nonexistence  of  liquids  on 
the  moon  is  found  in  the  form  of  its  surface,  which  exhibits  none  of 
those  well  understood  appearances  which  result  from  the  lonpr  con- 
tinued action  of  water.  The  mountain  formations  with  which  the 
entire  visible  surface  is  covered  are,  as  will  presently  appear,  uni- 
versally so  abrupt,  precipitous,  and  unchangeable,  as  to  be  utterly 
incompatible  with  the  presence  of  liquids. 
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208.  Absence  of  air  deprives  solar  Uglit  and  beat  of  tbelr 
utility. — The  absence  of  air  also  prevents  the  difiiision  of  the 
solar  light.  The  general  diffusion  of  the  sun's  light  upon  the  earth 
is  mainly  due  to  the  reflection  and  refraction  of  the  atmosphere, 
and  to  the  light  reflected  by  the  clouds ;  and  that  without  such 
means  of  difllusion,  the  solar  light  would  only  illuminate  those  places 
into  which  its  rays  would  directly  penetrate.  Every  place  not  in 
full  sunshine,  or  exposed  to  some  illuminated  surface,  would  be 
involved  in  the  most  pitchy  darkness.  The  sky  at  noon-day  would 
be  intensely  black,  for  the  beautiful  azure  of  our  firmament  in  the 
day-time  is  due  to  the  reflected  colour  of  the  air. 

Thus  it  appears  that  the  absence  of  air  must  deprive  the  sun's 
illuminating  and  heating  agency  of  nearly  all  its  utility.  K  no 
difiiision  of  light  and  no  retention  and  acciunulation  of  heat,  such 
as  an  atmosphere  supplies,  prevail,  it  is  impossible  to  conceive  the 
existence  and  maintenance  of  an  organised  world  having  any  analogy 
to  the  earth. 

209.  As  seen  flrom  tbe  moon*  appearance  of  tbe  eartb 
and  tbe  firmament. —  If  the  moon  were  inhabited,  observers  placed 
upon  it  would  witness  celestial  phenomena  of  a  singular  description, 
difiering  in  many  respects  from  those  presented  to  the  inhabitants 
of  our  globe.  The  heavens  would  be  perpetually  serene  and 
cloudless.  The  stars  and  planets  would  shine  with  extraordinary 
splendour  during  the  long  night  of  328  hours.  The  inclination  of 
her  axis  being  only  5°,  there  would  be  no  sensible  changes  of 
season.  The  year  would  c-onsist  of  one  unbroken  monotony  of 
equinox.  The  inhabitants  of  one  hemisphere  would  never  see  the 
earth  :  while  the  inhabitants  of  the  other  woidd  have  it  constantly 
in  their  finnament  by  day  and  by  night,  and  always  in  the  same 
position.  To  those  who  inhabit  the  central  part  of  the  hemisphere 
presented  to  us,  the  earth  would  appear  stationary  in  the  zenith, 
and  would  never  leave  it,  never  rising  nor  setting,  nor  in  any  degree 
changing  its  position  in  relation  to  the  zenith,  or  horizon.  To  those 
who  inhabit  places  intermediate  between  the  central  part  of  that 
hemisphere  and  those  places  which  are  at  the  edge  of  the  moon's 
disk,  the  earth  would  appear  at  a  fixed  and  invariable  distance  from 
the  zenith,  and  also  at  a  fixed  and  invariable  azimuth,  the  distance 
from  the  zenith  being  everywhere  equal  to  the  distance  of  the 
observer  from  the  middle  point  of  the  hemisphere  presented  to  the 
earth.  To  an  observer  at  any  of  the  places  which  are  at  the  edge 
of  the  lunar  disk,  the  earth  would  appear  perpetually  in  a  fixed 
direction  on  the  horizon. 

The  earth  shone  upon  by  the  sun  would  appear  as  the  moon  does 
to  us ;  but  with  a  disk  having  an  apparent  diameter  greater  than 
that  of  the  moon  in  the  ratio  of  79  to  2 1 ,  and  an  apparent  superficial 
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magnitude  ubout  fourteen  times  greater,  and  it  would  consequently 
have  a  proportionately  illuminating  power. 

Earth  Ught  at  the  moon  would,  therefore,  be  about  fourteen  times 
more  intense  than  ynoonlight  at  the  earth.  The  earth  would  go 
through  the  same  phases  and  complete  the  series  of  them  in  the 
same  period  as  that  which  regulates  the  succession  of  the  lunar 
phases,  but  the  corresponding  phases  would  be  separated  by  the 
interval  of  half  a  month.  When  the  moon  is  fuU  to  the  earth,  the 
earth  is  new  to  the  moon,  and  vice  versa:  when  the  moon  is  a 
crescent,  the  earth  is  gibbous,  and  vice  versa. 

The  features  of  light  and  shade  would  not,  as  on  the  moon,  be  all 
permanent  and  invariable.  So  far  as  they  would  arise  from  the 
clouds  floating  in  the  terrestrial  atmosphere,  they  would  be  variable. 
Nevertheless,  their  arrangement  would  have  a  certain  relation  to 
the  equator,  owing  to  the  effect  of  the  prevailing  atmospheric 
currents  parallel  to  the  line.*  This  cause  would  produce  streaks  of 
light  and  shade,  the  general  direction  of  which  would  be  at  right 
angles  to  the  earth's  axis,  and  the  appearance  of  which  would  be  in 
all  respects  similar  to  the  belts  which,  as  will  appear  hereafter,  are 
observed  upon  some  of  the  planets,  and  which  are  ascribed  to  a  like 
physical  cause. 

Through  the  openings  of  the  clouds  the  permanent  geographical 
features  of  the  surface  of  the  earth  would  be  apparent,  and  would 
probably  exhibit  a  variety  of  tints  according  to  the  prevailing 
characters  of  the  soil,  as  is  observed  to  be  the  case  with  the  planet 
Mars  even  at  an  immensely  greater  distance.  The  rotation  of  the 
earth  upon  its  axis  would  be  distinctly  observed  and  its  time  ascer- 
tained. The  continents  and  seas  would  be  seen  to  disappear  in  suc- 
cession at  one  side  and  to  reappear  at  the  other,  and  to  pass  across 
the  disk  of  the  earth  as  carried  roimd  by  the  diurnal  rotation. 

210.  IRHij  tlie  ftiU  disk  of  tlie  moon  is  faintly  visible 
near  new  moon. — Soon  after  conjunction,  when  the  moon  appears 
as  a  thin  crescent,  but  is  so  removed  firom  the  sim  as  to  be  seen  at  a 
sufficient  altitude  after  sunset,  the  entire  limar  disk  appears  faintly 
illuminated  within  the  horns  of  the  crescent.  This  phenomenon  is 
explained  by  the  effect  of  the  earth  shining  upon  the  moon,  and 
illuminating  it  by  reflected  light  as  the  moon  illuminates  the  earth, 
but  with  a  degree  of  intensity  greater  in  the  K^-io  of  about  14  to  l. 
According  to  what  has  just  been  explained,  the  earth  appears  to  the 
moon  nearly  fidl  at  the  time  when  the  moon  appears  to  the  earth  as 
a  thin  ci-escent,  and  it  therefore  receives  then  the  strongest  possible 
illumination.  As  the  lunar  crescent  increases  in  breadth,  the  phase 
of  the  earth  as  seen  from  the  moon  becomes  less  and  less  full,  and 
the  intensity  of  the  illumination  is  proportionately  diminished. 

*  Ste  Chapter  on  the  tides  and  trade  winds. 
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Hence  we  find^  that  as  the  lunar  eredcent  passes  gradually  to  the 
quarter,  the  complement  of  the  lunar  disk  becomes  gradually  more 
faintly  yisible,  and  soon  disappears  altogether. 

211.  Pliysleal  oondttton  of  flie  moon's  uwrtkee. — If  we 

examine  the  moon  carefully,  even  without  the  aid  of  a  telescope^ 
we  shall  discover  upon  it  distinct  and  definite  lineaments  of  light 
and  shadow.  These  features  never  change;  there  they  remain, 
always  in  the  same  position  upon  the  visible  orb  of  the  moon. 
Thus  the  features  that  occupy  its  centre  now,  have  occupied  the 
same  position  throughout  all  human  record.  We  have  already 
stated  that  the  first  and  most  obvious  inference  which  this  fact 
suggests,  is  that  the  same  hemisphere  of  the  moon  is  always 
presented  towards  the  earth,  and  consequently,  the  other  hemisphere 
is  never  seen.  This  singidnr  characteristic  which  attaches  to  the 
motion  of  the  moon  roimd  the  earth,  seems  to  be  a  general 
iharacteristic  of  all  other  moons  in  the  system.  Sir  William 
Ilerschel,  by  the  aid  of  his  powerful  telescopes,  observed  indications 
which  render  it  probable  that  the  moons  of  Jupiter  revolve  in  the 
same  manner,  each  presenting  continually  the  same  hemisphere  to 
the  planet.  The  cause  of  this  peculiar  motion  has  been  attempted 
to  be  explained  by  the  hypothesis  that  the  hemisphere  of  the 
satellite  which  is  turned  toward  the  planet,  is  very  elongated  and 
protuberant,  and  it  is  the  excess  of  its  weight  which  makes  it  tend 
to  direct  itself  always  toward  the  primary,  in  obedience  to  the 
universal  principle  of  attraction.  Be  this  as  it  may,  the  effect  is, 
that  our  selenographical  knowledge  is  necessarily  limited  to  that 
hemisphere  which  is  turned  toward  us. 

But  what  is  the  condition  and  character  of  the  surface  of  the 
moon  ?  What  are  the  lineaments  of  light  and  shade  which  we  see 
upon  it?  There  is  no  object  outside  the  earth  with  which  the 
telescope  has  afforded  us  such  minute  and  satisfactory  information. 

If,  when  the  moon  is  a  crescent,  we  examine  with  a  telescope, 
even  of  moderate  power,  the  concave  boundary,  which  is  that  part 
of  the  surface  where  the  enlightened  Iiemisphere  ends  and  the  dark 
hemisphere  begins,  we  shall  find  that  this  boundary,  is  not  an  even 
and  regular  curve,  which  it  undoubtedly  would  be  if  the  surface 
were  smooth  and  regidar,  or  nearly  so.  If,  for  example,  the  lunar 
surface  resembled  in  its  general  characteristics  that  of  our  globe, 
supposing  that  the  entire  surface  is  land,  having  the  general  cha- 
racteristics of  the  continents  of  the  earth,  the  inner  boundary  of 
the  lunai*  crescent  would  still  be  a  regular  curve  broken  or  inter- 
rupted only  at  particular  points.  Where  great  mountain  ranges, 
like  those  of  the  Alps,  the  Andes,  or  the  Himalaya,  might  chance 
to  cross  it,  these  lofty  peaks  would  project  vastly  elongated  shadows 
along  the  adjacent  plains;  for  it  will  be  remembered  that,  being 
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situated,  at  the  moment  in  question,  at  the  boundary  of  the 
enlightened  and  darkened  hemispheres,  the  shadows  would  be 
those  of  evening  or  morning;  wbdch  are  prodigiously  longer  than 
the  objects  themselves.  The  effect  of  these  would  be  to  cause  gaps 
or  irregularities  in  the  general  outline  of  the  inner  boundary  of 
the  crescent.  With  these  rare  exceptions,  the  inner  bounda^  of 
the  crescent  produced  by  a  globe  like  the  earth  would  be  an  even 
and  regular  curve. 

Such,  however,  is  not  the  case  with  the  inner  boundary  of  the 
lunar  crescent,  even  when  viewed  by  the  naked  eye,  and  still  less 
so  when  magnified  by  a  telescope. 

It  is  found,  on  the  contrary,  rugged  and  serrated,  and  brilliantly 
illuminated  points  are  seen  in  the  dark  parts  at  some  distance  from 
it,  while  dark  shadows  of  considerable  length  appear  to  break  into 
the  illuminated  surface.  The  inequalities  thus  apparent  indicate 
singular  characteristics  of  the  surface.  The  bright  points  seen 
within  the  dark  hemisphere  are  the  peaks  of  lofty  mountains  tinged 
with  the  sun's  light.  They  are  in  the  condition  with  which  all 
travellers  in  Alpine  countries  are  familiar;  after  the  sun  has  set, 
and  darkness  has  set  in  over  the  valleys  at  the  foot  of  the  chain,  the 
sun  still  continues  to  illuminate  the  peaks  above. 

The  sketch  of  the  lunar  crescent  given  in^^.  51,  being  a  re- 
presentation of  the  moon  when  visible  in  the  east,  shortly  before 
sunrise,  and  about  two  days  previously  to  conjunction  with  the  sun, 
will  illustrate  these  observations. 

The  visible  hemisphere  of  our 
satellite  has,  within  the  last 
quarter  of  a  century,  been  sub- 
jected to  the  most  rigorous  exa- 
mination which  imwearied  in- 
dustry, aided  by  the  vast  im- 
provement which  has  been  effected 
in  the  instruments  of  telescopic 
observation,  rendered  possible ; 
and  it  is  no  exaggeration  now  to 
state  that  we  possess  a  chart  of 
that  hemisphere  which  in  accu- 
racy of  detail  far  exceeds  any 
similar  representation  of  the 
earth's  surface. 

Among    the    selenoj,Taphical 
observers,  the  Prussian  astrono- 
m(Ts,    MM.   Beer   and   Miidler, 
stand  pie-eminent.     Their  descriptive  work,  entitled  Der  Mmid, 
contains  the   most  complete   collection   of    observations   on   the 
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physical  condition  of  our  satellite,  and^the  charts  m^isuring  37 
inches  in  diameter,  exhibits  the  most  complete  representation  of 
the  lunar  surface  extant  Besides  this  great  work,  a  selenographic 
chart  was  produced  by  Mr.  Russell,  from  observations  made  with 
a  seven-foot  reflector,  a  similar  delineation  by  Lohrmann,  and, 
lastly,  a  very  complete  model  in  relief  of  the  visible  hemisphere  by 
Madame  Witte,  an  Hanoverian  lady. 

To  convey  to  the  student  any  precise  or  cx)mplete  idea  of  the  mass 
of  information  collected  by  the  researches  and  labours  of  these 
eminent  observers,  would  be  altogether  incompatible  with  the 
necessary  limits  of  a  "y^ork  like  that  which  we  have  imdertaken. 

We  shall  therefore  confine  ourselves  to  a  selection  from  some  of 
the  most  remarkable  results  of  those  works,  aided  by  the  tele.<«copic 
chart  of  the  south-eastern  quadrant  of  the  moon's  disk,  given  in 
Plate  I.,  whicii  has  been  reduced  from  the  great  chart  of  ieer  and 
Mhdler,  the  scale  being  exactly  one  half  of  that  of  the  origmal. 

212.  General  Desceiption  of  the  Moon's  Subpace. 

(a)  Description  of  the  charts  Plate  I.  —  The  entire  surface  of  the  visible 
hemisphere  of  the  moon  is  thickly  covered  with  mountainoos  masses  and 
ranges  of  various  forms,  magnitudes,  and  height%  in  which,  however,  the 
prevalence  of  a  circular  or  crater-like  form  is  conspicuous.  The  mere  in- 
spection of  the  chart  of  the  S.E.  quadrant,  Plate  I.,  will  render  this  evident; 
and  the  other  three  quadrants  pf  the  disk  do  not  diflfer  from  this  in  their 
general  character.* 

(6)  Cause*  of  the  tints  of  white  and  grey  on  the  moon's  disk.  —  The  various 
tints  of  white  and  grey  which  mark  the  lineaments  observed  upon  the  disk 
of  the  full  moon  arise  partly  from  the  different  reflecting  powers  of  the 
matter  composing  different  parts  of  the  lunar  surface,  and  partly  from  the 

*  It  must  be  observed  that  the  chart  represents  the  moon's  disk  as  it  is  ' 
seen  on  the  south  meridian  in  an  astronomical  telescope.  As  that  instru- 
ment produces  an  inverted  image,  the  south  pole  appears  at  the  highest  and 
the  north  pole  at  the  lowest  point  of  the  disk,  and  the  eastern  limit  is  on 
the  right  and  the  western  on  the  left  of  the  observer,  all  of  which  positions 
are  the  reverse  of  those  which  the  same  points  have  when  viewed  without  a 
telescope,  or  with  one  which  does  not  invert  The  longitudes  are  measured 
east  and  west  of  the  meridian  which  bisects  the  visible  disk.  The  original 
chart  is  engraved  in  four  separate  sheets,  each  representing  a  quadrant  of 
the  visible  hemisphere.  The  names  of  the  various  selenographical  regions 
and  more  prominent  mountains  are  indicated  on  the  chart,  and  have  been 
taken  generally  from  those  of  eminent  scientific  men-  The  meridians  drawn 
on  the  chart  divide  the  surface  into  zones,  each  of  which  measures  live  de- 
grees of  longitude,  and  the  parallels  to  the  equatoi  divide  it  into  zones, 
having  each  the  width  of  five  degrees  of  latitude.  The  moon's  diameter 
being  less  than  that  of  the  earth  in  the  ratio  of  about  21  to  79,  a  degree  of 
lunar  latitude  is  less  than  60  geographical  miles  in  the  same  proportion,  and 
is,  therefore,  equal  to  16  geographical  miles.  This  supplies  a  scale  by  which 
the  magnitudes  on  the  chart,  Plate  I.,  may  be  approximately  estimated. 
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different  angles  at  which  the  rays  of  the  solar  light  are  incident  upon  them. 
If  the  surface  of  the  lunar  hemisphere  were  uniformly  level,  or  nearly  so, 
these  angles  of  incidence  would  be  determined  by  the  position  of  each  point 
with  relation  to  the  centre  of  the  illuminated  hemisphere;  and,  in  that  case, 
the  tints  would  be  mo'e  regular  and  would  vary  in  relation  principally  to 
the  centre  of  the  disk ;  but,  owing  to  the  great  inequalities  of  level,  and 
the  vast  and  complicated  mountainous  masses  which  project  from  every  part 
of  the  surface,  and  the  great  depths  of  the  cavities  and  plains  which  are  sur- 
rounded by  the  circular  mountain  ranges,  the  angles  of  incidence  of  the 
solar  rays  are  subject  to  extreme  and  irregular  vsriation,  which  produce 
those  lineaments  and  forms  tinted  with  various  shades  of  grey  and  white 
with  which  every  eye  is  familiar. 

(c)  Shadows  vitibU  only  in  the  phase*  —  they  tupply  meaiureg  of  height*  and 
depths. —  When  the  moon  is  full,  no  shadows  upon  it  can  be  seen,  because, 
in  that  position,  the  visual  ray  coinciding  with  the  luminous  ray,  each  object 
is  directly  interposed  between  the  observer  and  its  shadow.  As  the  phases 
progress,  however,  the  shadows  gradually  come  into  view,  because  the  visual 
ray  is  inclined  at  a  gradually  increasing  angle  to  the  solar  ray,  and,  in  the 
quarters,  this  angle  having  increased  to  90^,  and  the  boundary  of  the  en- 
lightened hemisphere  being  then  in  the  centre  of  the  hemisphere  presented 
to  the  observer,  the  position  is  most  favourable  for  the  observation  of  the 
Hhadows  by  which  chiefly,  not  only  the  forms  and  dispositions  of  the  moun- 
tainous masses  and  the  intervening  and  enclosed  valleys  and  ravines  are 
ascertained,  but  their  heights  and  depths  are  measured.  This  latter  problem 
in  solved  by  the  well-understood  principles  of  geometrical  projection  when 
the  dire<tions  of  the  visual  and  solar  rays,  the  position  of  the  object,  and 
of  the  surface  on  which  the  shadows  are  projected,  are  severally  given. 

(d)  Uniform  patches,  called  ocean*,  seas,  ^-c,  proved  to  be  irregtdar  land 
surface. —  Uniform  patches  of  greater  or  less  extent,  each  having  an  uniform 
grey  tint  more  or  less  dark,  having  been  suppose<l,  by  early  observers,  to  be 
large  collections  of  water,  were  designated  by  the  names,  Ockanus,  Make. 
Palu3,  Lacus,  Sinus,  &c.  These  names  are  still  retained,  but  the  increased 
power  of  the  telescope  has  proved  that  such  regions  are  diversified,  like  the 
rest  of  the  lunar  surface,  by  inequalities  and  undulations  of  permanent  forms, 
and  are  therefore  not,  as  was  imagined,  water  or  other  liquid.  They  differ  from 
other  regions  only  in  the  magnitude  of  the  mountain  masses  which  prevail 
upon  them.  About  two- thirds  of  the  visible  hemisphere  of  the  moon  con- 
sists of  this  character  of  surface.  Examples  of  these  are  presented  by  the 
Mare  Nubium,  Occanus  Procellarum,  Mare  Humorum,  &c.,  on  the  chart. 

(e)  IVhiter  spots,  mountains.—  TUq  more  intensely  white  parts  are  moun- 
tains of  various  magnitude  and  form,  whose  height,  relatively  to  the  moon's 
magnitude,  greatly  exceeds  that  of  the  most  stupendous  terrestial  emi- 
nences; and  there  are  many,  characterised  by  an  abruptness  and  steepness 
which  sometimes  assume  the  position  of  a  vast  vertical  wall,  altogether 
without  example  upon  the  earth.  These  are  generally  disposed  in  broa<l 
masses,  lying  in  close  contiguity,  and  intersected  with  vast  and  deep  valleys, 
gullies,  and  abysses,  none  of  which,  however,  have  any  of  the  characters 
which  betray  the  agency  of  water. 

(/)  Classes  of  circular  mountain  ranges. —  Circular  ranges  of  mountains 
which,  were  it  not  for  their  vast  magnitude,  might  be  inferred  from  their 
form  to  have  been  volcanic  craters,  are  by  far  the  most  prevalent  arrange- 
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ment.  These  have  beeA  denominated,  according  to  their  niagnitades.  Bul- 
wark Plains,  Ring  Mountains,  Craters,  and  Holks. 

(g)  Bulwark  pUutu. —  These  are  circular  areas,  varying  from  40  to  120 
miles  in  diameter,  enclosed  by  a  ring  of  mountain  ridges,  mostly  continuous, 
but  in  some  cases  intersected  at  one  or  more  points  by  vast  ravines,  llie 
enclosed  area  is  generally  a  plain  on  which  mountains  ef  less  height  are 
often  scattered.  The  surrounding  circular  ridge  also  throws  out  spurs,  both 
externally  and  internally,  but  the  latter  are  generally  shorter  than  the  for- 
mer. In  some  cases,  however,  internal  spurs,  which  are  diametrically  op- 
posed, unite  in  the  middle  so  as  to  cut  in  two  the  enclosed  plain.  In  some 
rare  cases  the  enclosed  plain  is  uninterrupted  by  mountains,  and  it  is  almost 
invariably  depressed  below  the  general  level  of  the  surrounding  land.  A  few 
instances  are  presented  of  the  enclosed  plain  being  convex. 

The  mountainous  circle  enclosing  these  vast  areas  is  seldom  a  single 
ridge.  It  consists  more  generally  of  several  concentric  ridges,  one  of  which, 
however,  always  dominates  over  the  rest  and  exhibits  an  unequal  summit, 
broken  by  stupendous  peaks,  which  here  and  there  shoot  up  from  it  to  vast 
heights.  Occasionally  it  is  also  interrupted  by  smaller  mountains  of  the 
circular  form. 

Examples  of  bulwark  plains  are  presented  in  the  cases  of  Clavius,  Walter, 
Rpgiomontanus,  Purbach,  Alphons,  and  Ptolerottus. 

The  diameter  of  Clavius  is  124  miles  ♦,  and  the  enclosed  area  is  12,000 
square  miles.  One  of  the  peaks  of  the  surrounding  ridge  shoots  up  to  the 
height  of  i6,cx»  feet. 

The  diameter  of  Ptolemttus  is  too  miles,  and  it  encloses  an  area  of  6400 
square  miles.  This  area  is  intersected  by  numerous  small  ridges,  not  above 
a  mile  in  breadth  and  icx)  feet  in  height  Ptolemttus  is  surrounded  by 
very  high  mountains,  and  is  remarkable  for  the  precipitous  character  of  its 
inner  sides. 

The  other  bulwark  plains  above  named  have  nearly  the  same  character, 
but  less  dimensions. 

(A)  Ring  »un<nfat/is.~^These  circular  formations  are  on  a  smaller  scale 
than  the  bulwark  plains,  varying  from  10  to  50  miles  in  diameter,  and  they 
are  generally  more  regular  and  more  exactly  circular  in  their  form.  They 
are  sometimes  found  upon  fhe  ridge  which  encloses  a  bulwark  plain,  thus 
interrupting  the  continuity  of  its  boundary,  and  sometimes  they  arc  seen 
within  the  enclosed  area.  Sometimes  they  stand  in  the  midst  of  the  maria. 
Their  inner  declivity  is  always  steep,  and  the  enclosed  area,  which  is  always 
concave,  often  includes  a  central  mountain,  presenting  thus  the  general 
character  of  a  volcanic  crater,  but  on  a  scale  of  magnitude  without  example 
in  terrestrial  volcanoes.  The  surface  enclos^  is  always  lower  than  the 
region  surrounding  the  enclosing  ridge,  and  the  central  mountain  often  rises 
to  such  a  height  that,  if  it  were  levelled,  it  would  fill  the  depression. 

(»)  Tychoj  a  ring  mountain.  —  The  most  remarkable  example  of  this  class 
is  Tycho  (see  chart,  lat.  42®  long.  12® J.  This  object  is  distinguishable 
without  a  telescope  on  the  lunar  disk  when  full ;  but,  owing  to  the  multitude 
of  other  features  which  become  apparent  around  it  in  the  phases,  it  can  then 
be  only  distinguished  by  a  perfect  knowledge  of  its  position,  and  with  a  good 
telescope.     The  enclosed  area,  which  is  very  nearly  circular,  is  47  miles  in 

*  The  geographical  mile,  or  the  sixtieth  part  of  a  degree  of  the  earth'*8 
meridian. 
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diameter,  and  the  inside  of  the  enclming  ridge  has  the  steepness  of  a  wall. 
Its  height  above  the  level  of  the  enclosed  plain  is  16,000  feet,  and  above 
that  of  the  external  regions  12,000  feet.  There  is  a  central  mount,  height 
4700  feet,  besides  a  few  lesser  hills  within  the  enclosure. 

(k)  Crater*  and  hole*. —  These  are  the  smallest  formations  of  the  circular 
dass.  Craters  enclose  a  visible  area,  containing  generally  a  central  mound 
or  peak,  exhibiting  in  a  striking  manner  the  volcanic  character.  Holes 
include  no  visible  area,  but  may  possibly  be  craters  on  a  scale  too  small  to 
.  be  distinguished  by  the  telescope. 

Formations  of  this  class  are  innumerable  on  every  part  of  the  risible  sur- 
face of  the  moon,  but  are  no  where  more  prevalent  than  in  the  region  around 
Tycho,  which  may  be  seen  on  a  very  enlarged  scale  in  Plate  XI.»  which 
represents  that  ring  mountain  and  the  adjacent  region,  extending  over  six* 
teen  degrees  of  latitude,  and  from  sixteen  to  twenty  degrees  of  longitude. 

(/)  Other  mountain  farmatiom. —  Besides  the  preceding,  which  are  the 
most  remarkable,  the  most  characteristic,  and  the  most  prevalent,  there  are 
various  other  forms  of  mountain,  classified  by  Beer  and  Midler,  but  which 
our  limits  compel  us  to  omit. 

(m)  SinguUir  and  unexplained  optical  phenotnenon  of  radiatiug  atreaJk*.  — 
Among  the  most  remarkable  phenomena  presented  to  lunar  observers,  is  the 
systems  of  streaks  of  light  and  shade,  which  radiate  from  the  borders  of  some 
of  the  largest  of  the  ring  mountains,  spreading  to  distances  of  several  hun- 
dred miles  around  them.  Seven  of  the  mountains  of  this  class,  viz.,  Tycho, 
Copernicus,  Kepler,  Proclus,  Anaxagoras,  Aristarchus»  and  Olbers  are  seve- 
rally the  centres  round  which  this  extraordinary  radiation  is  manifested. 
Similar  phenomena,  less  conspicuously  developed,  however,  are  visible  around 
Mayer,  Euler,  Aristillus,  Timocharis,  and  some  others. 

These  phenomena,  as  displayed  when  the  moon  is  full  around  Tycho,  are 
represented  in  Plate  XII.  on  the  same  scale  as  Plate  XI. 

These  radiating  streaks  commence  at  a  distance  of  about  20  miles  outside 
the  circular  ridge  of  Tycho.  From  that  limit  they  diveige  and  overspread 
fully  a  fourth  part  of  the  visible  hemisphere.  On  the  S.  they  extend  to  the 
edge  of  the  disk;  on  the  £.  to  Hainzel  and  Capuanus;  on  the  S.E.  to  the 
Mare  Nubium;  on  the  N.  to  Alphons;  on  the  N.W.  to  the  Mare  Nectaris, 
and  to  the  W.,  so  as  to  cover  nearly  the  entire  south-western  quadrant. 

rhey  are  only  visible  when  the  sun's  rays  fall  upon  the  region  of  Tycho 
at  an  incidence  greater  than  25^,  and  the  more  perpendicularly  the  rays  fall 
upon  it,  the  more  fully  di^veloped  the  phenomena  will  be.  They  are,  there- 
fore, only  seen  in  their  splendour,  as  represented  in  Plate  XII.,  when  the 
moon  is  full.  As  the  moon  moves  from  opposition  to  the  last  quarter,  the 
streaks  therefore  gradually  disappear,  and  the  shadows  of  the  mountain 
formations  are  at  the  same  time  gradually  brought  into  view,  so  that  the 
aspect  of  the  moon  undergoes  a  complete  transformation.  This  change  may 
be  very  well  exhibited  by  holding  the  Plate  XII.  before  a  window  to  which 
the  back  of  the  observer  is  turned.  He  will  then  see  the  phenomena  as  they 
are  presented  on  the  full  moon.  Let  him  then  turn  slowly  upon  his  heel 
until  his  face  is  presented  to  the  window,  holding  the  paper  between  his  eyes 
and  the  light.  The  Plate  XI.  will  then  be  seen  by  means  of  the  transparency 
of  the  paper,  and  it  will  gradually  become  more  and  more  distinctly  apparent 
as  he  turns  more  directly  towards  the  light.* 

•  This  ingenious  expedient  is  suggested  by  Mlidlcr.      It  must  be  remem- 
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Althongh  the  mountain  formations  generally  disappear  under  the  splen* 
dour  of  these  radiating  streaks,  some  few,  as  will  be  perceived  on  Plate  XII., 
continue  to  be  visible  through  them. 

None  of  the  numerous  selenographic  observers  have  proposed  any  satis- 
factory explanation  of  these  phenomena,  which  are  exhibited  nearly  in  the 
same  manner  around  the  other  ring  mountains  above  named.  Schrdter 
supposed  them  to  be  mountains,  an  hypothesis  overturned  by  the  observa- 
tions since  made  with  more  powerful  instruments.  Herschel,  the  elder, 
suggested  the  idea  of  streams  of  lava;  Cassini  imagined  they  might  be 
clouds;  and  others  even  suggested  the  possibility  of  their  being  roads! 
Mildler  imagines  that  these  ring  mountains  may  have  been  among  the  first 
selenological  formations;  and,  consequently,  the  points  to  which  all  the 
gases  evolved  in  the  formation  of  our  satellite  would  have  been  attracted, 
lliese  emanations  produced  effects,  such  as  vitrification  or  oxydation,  which 
modified  the  reflective  powers  of  the  surface.  We  must,  however,  dismiss 
these  conjectures,  however  ingenious  and  attractive,  referring  those  who 
desire  to  pursue  the  subject  to  the  original  work. 

(n)  Environs  of  Tychn. —  This  region  is  crowded  with  hundreds  of  peaks, 
crests,  and  craters  (see  Plate  XL);  not  the  least  vestige  of  a  plain  can  any- 
where  be  discovered.  Towards  the  £.  and  S.£.  craters  predominate,  while 
to  the  W.  chains  parallel  to  the  ring  are  more  numerous.  On  the  S.  the 
mountains  are  thickly  scattered  in  conAised  masses.  At  a  distance  of  15  to 
25  miles,  craters  and  small  ring  mountains  are  seen,  few  being  circular,  but 
all  approaching  to  that  form.    AH  are  surrounded  by  steep  ramparts. 

(o)  fnihelm  I. —  This  is  a  considerable  ring  mountain  S.E.  of  Tycho. 
The  altitude  of  its  eastern  parapet  is  10,000  feet,  that  of  its  western  being 
only  6000.  Its  crest  is  studded  with  peaks ;  and  craters  of  various  magni- 
tudes, heights,  and  depths,  surrounding  it  in  great  numbers,  and  giving  a 
varied  appearance  to  the  adjacent  region. 

(p)  lAmgomontanvg.  —  A  large  circular  range,  having  a  diameter  of  80 
miles,  enclosing  a  plain  of  great  depth.  The  eastern  and  western  rid^^es 
rise  to  the  height  of  12,000  to  13,000  feet  above  the  level  of  the  enclosed 
plain.  Its  shadow  sometimes  falls  upon  and  conceals  the  numerous  craters 
and  promontories  which  lie  near  it.  The  whole  surrounding  region  is  savage 
and  rugged  in  the  highest  degree,  and  must,  according  to  Mttdler,  have 
resulted  from  a  long  succession  of  convulsions.  The  principal,  and  ap- 
parently original,  crater  has  given  way  in  course  of  time  to  a  series  of  new 
and  less  violent  eruptions.  All  these  smaller  formations  are  visible  on 
the  full  moon,  but  not  the  principal  range,  which  then  disappears,  though  its 
place  may  still  be  ascertained  by  its  known  position  in  relation  to  Tycho. 

(9)  Maginug.  —  This  range  N.W.  of  Tycho  (see  Plate  I.)  has  the  appear- 
ance of  a  vast  and  wild  ruin.  The  wide  plain  enclosed  by  it  lies  in  deep 
shade  even  when  the  sun  has  risen  to  the  meridian.  Its  general  height  is 
13.000  feet  A  broad  elevated  base  connects  the  numberless  peaks,  terraces, 
anil  groups  of  hills  constituting  this  range,  and  small  craters  are  numerous 
among  these  wild  and  ooofused  masses.    The  central  peak  a  is  a  low  but 


bered,  however  that,  while  Plate  XI.  represents  the  region  as  it  appears  in  a 
telescope  which  inverts,  Plate  XII.,  represents  it  as  if  it  were  reflected  in  a 
mirror,  or  as  it  would  be  seen  with  a  telescope  ha^nng  a  prismatic  eye- 
piece. 
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well-defined  hill,  close  to  which  is  a  crater*like  depression,  and  other  less 
considerable  hills. 

(r)  Analogy  to  terrtttrial  volcanoe$  more  ajpparaU  tlum  real —  enlarged  view 
r.f  Gaeeendi. —  The  volcanic  character  observed  in  the  selenographic  forma- 
tion  loses  mnch  of  its  analogy  to  like  formations  on  the  earth's  surface 
when  higher  magnifying  powers  enable  us  to  examine  the  details  of  what 
appear  to  be  craters,  and  to  compare  their  dimensions  with  even  the  most 
extensive  terrestrial  craters.  Numerous  exanpies  may  be  produced  to  illus- 
trate this.  We  have  seen  that  Tycho,  which,  viewed  under  a  moderate 
magnifying  power,  appears  to  possess  in  so  eminent  a  degree  the  volcanic 
character,  is,  in  fact,  a  circular  chain  enclosing  an  area  upwards  of  fifty 
miles  in  diameter.  Gassendi,  another  system  of  like  form,  and  of  still  morn 
stupendous  dimensions,  is  delineated  in  Plate  Xlil,  as  seen  with  high 
magnifying  powers.  This  remarkable  object  consists  of  two  enormous  cir- 
cular chains  of  mountains,  the  lesser,  which  lies  to  the  north,  measuring 
16^  miles  in  diameter,  and  the  greater,  lying  to  the  south,  enclosing 
an  area  60  miles  in  diameter.  The  area  enclosed  by  the  former  is 
therefore  214,  and  by  the  latter  2827  square  miles.  The  height  of  the 
lesser  chain  is  about  10,000  feet,  while  that  of  the  greater  varies  from  3500 
to  5000  feet.  The  vast  area  thus  enclosed  by  the  greater  chain  includes,  at 
ornear  its  centre,  a  principal  central  mountain,  having  eight  peaks  and  an 
height  of  2000  feet,  while  scattered  over  the  surrounding  enclosure  up- 
wards of  a  hundred  mountains  of  less  considerable  elevation  have  been 
counted. 

It  is  easy  to  see  how  little  analogy  to  a  terrestrial  volcanic  crater  is  pre- 
sented by  these  characters. 

The  preceding  selections,  combined  with  the  charts,  Plates  I., 
XI.,  XII.,  and  XIII.,  will  serve  to  show  the  general  physical  character 
of  the  lunar  surface,  and  the  elaborate  accuracy  with  which  it  has 
been  submitted  to  telescopic  examination.  In  the  work  of  Beer 
and  Madler  a  table  of  the  heights  of  above  1 000  mountains  is  given, 
several  of  which  attain  to  an  elevation  of  23,000  feet,  equal  to  that 
of  the  highest  swmmits  of  terrestrial  mountains,  while  the  diameter 
of  the  moon  is  little  more  than  a  quarter  that  of  the  earth. 

213.  Observattons  of  Berscbel.  —  Sir  John  Herschel  says, 
that  among  the  lunar  mountains  may  bo  observed  in  its  highest 
perfection  the  true  volcanic  character,  as  seen  in  the  crater  of 
Vesuvius  and  elsewhere  ;  but  with  the  remarkable  peculiarity  that 
the  bottoms  of  many  of  the  craters  are  very  deeply  depressed  below 
the  general  surface  of  the  moon,  the  internal  depth  being  in  many 
cases  two  or  three  times  the  external  height.  In  some  cases,  he 
thinks,  decisive  marks  of  volcanic  stratification,  arising  from  a 
succession  of  deposits  of  ejected  matter,  and  evident  indications  of 
currents  of  lava  streaming  outwards  in  all  directions,  may  be  clearly 
traced  with  powerful  telescopes. 

2 1 4.  Observations  of  tlie  Sari  of  Sosse.  —  By  means  of  the 
great  reflecting  telescope  of  Lord  Rosse,  the  flat  bottom  of  the 
crater  called  Albategnius  is  distinctly  seen  to  be  strewed  'wvtVi 
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blocks^  ibt  visible  with  less  powerful  instruments ;  while  the  ex- 
terior of  another  (Aristillus)  is  intersected  with  deep  gullies 
radiating  from  its  centre. 

215.  Supposed  inllaenoe  of  tbe  moon  on  tbe  weatber. — 

Among  the  many  influences  which  the  moon  is  supposed^  by  the 
world  in  general,  to  exercise  upon  our  globe,  one  of  those,  which 
has  been  most  universally  believed,  in  all  ages  and  in  all  cotmtries,  is 
that  which  it  is  presumed  to  exert  upon  the  changes  of  the  weather. 
Although  the  particular  details  of  this  influence  are  sometimes 
pretended  to  be  described,  the  only  general  principle,  or  rule, 
which  prevails  with  the  world  in  general  is,  that  a  change  of  weather 
may  be  looked  for  at  the  epochs  of  new  and  full  moon  :  that  is  to 
say,  if  the  weather  be  previously  fair  it  will  become  foul,  and  if 
foul  will  become  fair.  Similar  changes  are  also,  sometimes,  though 
not  so  confidently,  looked  for  at  tbe  epochs  of  the  quarters. 

A  question  of  this  kind  may  be  regarded  either  as  a  question  of 
science,  or  a  question  of  fact 

If  it  be  regarded  as  a  question  of  science,  we  are  called  upon  to 
explain  how  and  by  what  property  of  matter,  or  what  law  of  nature 
or  attraction,  the  moon,  at  a  distance  of  a  quarter  of  a  million  of 
miles,  combining  its  effects  with  the  sun,  at  four  hundred  times  that 
distance,  can  produce  those  alleged  changes.  To  this  it  may  be 
readily  answered  that  no  known  law  or  principle  has  hitherto 
explained  any  such  phenomena.  The  moon  and  sun  must,  doubt- 
less, aflect  the  ocean  of  air  which  surrounds  the  globe,  as  they  affect 
the  ocean  of  water — producing  effects  analogous  to  tides ;  but  when 
the  quantity  of  such  an  effect  is  estimated,  it  is  proved  to  be  such 
as  could  by  no  means  account  for  the  meteorological  changes  here 
adverted  to. 

But  in  conducting  investigations  of  this  kind  we  proceed  alto- 
gether in  the  wrong  direction,  and  begin  at  the  wrong  end,  when 
we  commence  with  the  investigation  of  the  physical  cause  of  the 
supposed  phenomena.  Our  first  business  is  carefully  and  accurately 
to  observe  the  phenomena  of  the  changes  of  the  weather,  and  then 
to  put  them  in  juxtaposition  with  the  contemporaneous  changes  of 
the  lunar  phases.  If  there  be  any  discoverable  correspondence,  it 
then  becomes  a  question  of  physics  to  assign  its  cause. 

Such  a  course  of  observation  has  been  made  in  various  observa- 
tories with  all  the  rigour  and  exactitude  necessary  in  such  an 
inquiry,  and  has  been  continued  over  periods  of  time  so  extended, 
as  to  eflface  all  conceivable  effects  of  accidental  irregularities. 

We  can  imagine,  placed  in  two  parallel  columns,  in  juxtaposition, 
the  series  of  epochs  of  the  new  and  full  moons,  and  the  quarters, 
and  the  corresponding  conditions  of  the  weather  at  these  times,  for 
fifty  or  one  hundred  years  back;  so  that  we  may  be  enabled  to  ex- 
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amine^  as  a  mere  matter  of  fact,  the  conditions  of  the  weather  for 
one  thousand  or  twelve  hundred  full  and  new  moons  and  quarters. 

From  such  a  mode  of  ohservation  and  inquiry,  it  has  resulted 
conclusively  that  the  poptdar  notions  concerning  the  influence  of  the 
lunar  phases  on  the  weather  have  no  foundation  in  theory,  and  no 
correspondence  with  observed  facts.  That  the  moon,  by  her  gravi- 
tation, exei*ts  an  attraction  on  our  atmosphere  cannot  be  doubted; 
but  the  effects  which  that  attraction  would  produce  upon  the 
weather  are  not  in  accordance  with  observed  phenomena;  and, 
therefore,  these  effects  are  either  too  small  in  amount  to  be  appre- 
ciable in  the  actual  state  of  meteorological  instruments,  or  they  are 
obliterated  by  other  more  powerful  causes,  from  which  hitherto  they 
have  not  been  eliminated.  It  appears,  however,  by  some  series  of 
observations,  not  yet  confirmed  or  continued  through  a  sufficient 
period  of  time,  that  a  slight  correspondence  may  be  discovered 
between  the  periods  of  rain  and  the  phases  of  the  moon,  indicating 
a  very  feeble  influence,  depending  on  the  relative  position  of  that 
luminary  to  the  sun,  but  having  no  discoverable  relation  to  the  lunar 
attraction.  This  is  not  without  interest  as  a  subject  of  scientific 
inquiry,  and  is  entitled  to  the  attention  of  meteorologists ;  but  its 
influence  is  so  feeble  that  it  is  altogether  destitute  of  popular  interest 
as  a  weather  prognostic.  It  may,  therefore,  be  stated  that,  as  far 
as  observation  combined  with  theory  has  afforded  any  means  of 
knowledge,  there  are  no  grounds  for  the  prognostications  of  weather 
eiToneously  supposed  to  be  derived  from  the  influence  of  the  sun 
and  moon. 

Those  who  are  impressed  with  the  feeling  that  an  opinion  so 
universally  entertained  even  in  countries  remote  from  each  other, 
as  that  which  presumes  an  influence  of  the  moon  over  the  changes 
of  the  weather,  will  do  well  to  remember  that  against  that  opinion 
we  have  not  here  opposed  mere  theory.  Nay,  we  have  abandoned 
for  the  occasion  the  support  that  science  might  afford,  and  the  light 
it  might  shed  on  the  negative  of  this  question,  and  have  dealt 
with  it  as  a  mere  question  of  fact.  It  matters  little,  so  far  as  this 
question  is  concerned,  in  what  manner  the  moon  and  sun  may  pro- 
duce an  effect  on  the  weather,  nor  even  whether  they  be  active 
causes  in  producing  such  effect  at  all.  The  point,  and  the  only 
point  of  importance,  is,  whether,  regarded  as  a  mere  matter  of  fact, 
any  correspondence  between  the  changes  of  the  moon  and  those  of 
the  weather  exists  ?  And  a  short  examination  of  the  recorded  facts 
proves  tliat  it  does  not. 

216.  Other  sapposed  lanar  inflaenoes. — But  meteorological 
phenomena  are  not  the  only  effects  imputed  to  our  satellite :  that 
body,  like  comets,  is  made  responsible  for  a  vast  variety  of  inter- 
ferences with  organised  nature.     The   circtdation  of  the  juices  of 
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vegetables^  the  qualities  of  grain,  the  fate  of  the  Tintage^  are  all 
laid  to  its  account ;  and  timber  must  be  felled,  the  harvest  cut  down 
and  gathered  in,  and  th£  juice  of  the  grape  expressed,  at  times 
and  under  circumstances  regulated  by  the  aspects  of  the  moon,  if 
excellence  be  hoped  for  in  these  products  of  the  soil. 

According  to  popular  belief,  our  satellite  also  presides  over  human 
maladies ;  and  the  phenomena  of  the  sick  chamber  are  governed  by 
the  lunar  phases;  nay,  the  vei-y  maiTOw  of  our  bones,  and  the 
weight  of  our  bodies,  sufter  inci-eajse  or  diminution  by  its  influence. 
Nor  is  its  imputed  power  confined  to  physical  or  organic  effects;  it 
notoriouidy  governs  mental  derangement. 

If  these  opinions  rKspecting  lunar  influences  were  limited  to 
particular  countries,  they  would  be  less  entitled  to  serious  con- 
sideration ;  but  it  is  a  curious  fact  that  many  of  them  prevail  and 
have  prevailed  in  quarters  of  the  earth  so  distant  and  unconnected, 
that  it  is  difficult  to  imagine  the  same  error  to  have  proceeded 
from  the  same  source. 

Our  limits,  and  the  objects  to  which  this  volume  is  directed, 
render  it  impossible  here  to  notice  more  fully  the  physical  and 
physiological  influences  imputed  to  the  moon,  moi*e  especially  as 
these  influences,  though  interesting  in  themselves,  have  but  an 
indirect  connection  with  lunar  astronomy. 

2 1 7.  The  lunar  tbeiirj-. — I'bis  important  branch  of  theoretical 
astronomy  is  far  too  advanced  for  the«e  pages,  as  of  all  the  plane- 
tary movements,  those  of  the  moon  are  the  most  complicated.  In 
a  maritime  country  like  England,  whose  seamen  have  to  depend 
so  much  ou  lunar  observations  at  sea,  the  subject  is  of  the  highest 
importance,  and  the  observation  of  the  moon  is  therefore  one  of 
the  principal  daily  duties  at  the  Royal  Observatory.  Since  the 
publication  of  the  results  of  the  lunar  observations  made  there 
since  1750,  some  of  the  greatest  mathematical  astronomers  have 
reinvestigated  the  peculiar  movements  of  the  moon,  with  the  object 
of  improving  the  lunar  theory.  Among  them  may  be  mentioned 
Professor  Hansen  of  Gotha,  Professor  Adams  of  Cambridge,  M. 
Delftunay  of  Paris,  and  Sir  George  Airy,  the  Astronomer  Royal. 
From  the  published  theory  of  Professor  Hansen,  lunar  tables  have 
been  formed  and  adopted  in  the  calculations  of  the  Nautical 
Almanac^  and  they  are  considered  very  far  in  advance  of  tlie  tables 
of  Burckhardt  which  they  superseded,  although  Hansen's  lunar 
theory  is  far  from  being  perfect.  M.  Delaunay's  researches  on  the 
theory  in  the  most  important  sections  were  completed  at  the  time 
of  his  lamented  death,  but  certain  portions  of  his  work  remaining 
untinis)ied  have  prevented  his  theory  from  assuming  the  practical 
form  of  tables,  and  it  is  not  therefore  available  for  easy  comp^uison 
with  the  observations. 
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CHAPTER  XI. 

TUB  TIDES  AND  TKADB  WIXD6. 

218.  Correspondence  between  tbe  reonrrenoe  of  tbe  tides 
and  tbe  dinmal  appearance  of  tbe  moon.  —  The  phenomena 
of  the  tides  of  the  ocean  are  too  remarkable  not  to  have  attracted 
notice  at  an  early  period  in  the  progress  of  knowledge.  The 
intervals  between  the  epochs  of  high  and  low  water  everywhere 
corresponding  with  the  intervals  between  the  passage  of  the  moon 
over  the  meridian  above  and  below  the  horizon,  suggested  naturally 
the  physical  connection  between  these  two  effects,  and  indicated 
the  probability  of  the  cause  of  the  tides  being  found  in  the  motion 
of  the  moon. 

219.  Brroneons  notions  of  tbe  lunar  inflnence.  —  There 
are  few  subjects  in  physical  science  about  which  more  erroneous 
notions  prevail  among  those  who  are  but  a  little  informed.  A 
common  idea  is,  that  the  attraction  of  the  moon  draws  the  waters 
of  the  earth  toward  that  side  of  the  globe  on  which  it  happens 
to  be  placed,  and  that  consequently  they  are  heaped  up  on  that 
side,  so  that  the  oceans  and  seas  acquire  there  a  greater  depth  than 
elsewhere ;  and  that  high  water  will  thus  take  place  under,  or 
nearly  under,  the  moon.  But  this  does  not  correspond  with  the 
fact.  High  water  is  not  produced  merely  under  the  moon,  but  is 
equally  produced  upon  those  parts  most  removed  from  the  moon. 
Suppose  a  meridian  of  the  earth  so  selected,  that  if  it  were  con- 
tinued beyond  the  earth,  its  plane  would  pass  through  the  moon  ; 
we  find  that,  subject  to  certain  modifications,  a  great  tidal  wave, 
or  what  is  called  high  wetter,  will  be  formed  on  both  sides  of  this 
meridian  ;  that  is  to  say,  on  the  side  next  the  moon,  and  on  the 
side  remote  firom  the  moon.  As  the  moon  moves,  these  two  gi-eat 
tidal  waves  follow  her.  They  are  of  course  separated  from  each 
other  by  half  the  circumference  of  the  globe.  As  the  globe  re- 
volves with  lis  diurnal  motion  upon  its  axis,  every  part  of  its 
surface  pa.<^es  successively  under  these  tidal  waves ;  and  at  all 
such  parts,  as  they  pass  under  them,  thei*e  is  the  phenomenon  of 
high  water.  Hence  it  is  that  in  all  places  there  are  two  tides 
daily,  having  an  interval  of  about  twelve  hours  between  them. 
Now,  if  the  common  notion  of  the  cause  of  the  tides  were  well 
foimded,  there  would  be  only  one  tide  daily  —  viz.,  that  which 
would  talie  place  when  the  moon  is  at  or  near  the  meridian. 

220.  Tbemoon*s  attraction  alone  will  not  explain  tbe  tides. 
—  That  the  moon's  attraction  upon  the  earth  simply  considei-ed 
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would  not  explain  the  tides  is  easily  shown.  Let  us  suppose  that 
the  whole  mass  of  matter  on  the  earth,  including  the  waters 
which  partially  cover  it,  were  attracted  equally  by  the  moon ;  they 
would  then  be  equally  drawn  toward  that  body,  and  no  reason 
would  exist  why  they  should  be  heaped  up  under  the  moon  ;  for 
if  they  were  drawn  with  the  same  force  as  that  with  which  the 
solid  globe  of  the  earth  under  them  is  drawn,  there  would  be  no 
reason  for  supposing  that  the  waters  would  have  a  greater  tendency 
to  collect  toward  the  moon  than  the  solid  bottom  of  the  ocean  on 
which  they  rest  In  short,  the  whole  mass  of  the  earth,  solid  and 
fluid,  being  drawn  with  the  same  force,  would  equally  tend  toward 
the  moon ;  and  its  parts,  whether  solid  or  fluid,  would  preserve 
among  themselves  the  same  relative  position  as  if  they  were  not 
attracted  at  all. 

221.  Tides  caused  by  the  difference  of  tbe  attractions  on 
different  parts  ot  tbe  eartb.  —  When  we  observe,  however,  in  a 
mass  composed  of  various  particles  of  matter,  that  the  relative 
an-angement  of  these  particles  is  disturbed,  some  being  driven  in 
certain  directions  more  than  others,  the  inference  is,  that  the  com- 
ponent parts  of  such  a  mass  must  be  placed  under  the  operation  of 
different  forces :  those  which  tend  more  than  others  in  a  certain 
direction  being  driven  with  a  proportionally  greater  force.  Such 
is  the  case  with  the  earth,  placed  under  the  attraction  of  the  moon. 
And  this  is,  in  fact,  what  must  happen  under  the  operation  of  an 
attractive  force  like  that  of  gi*avitation,  which  diminishes  in  its 
intensity  as  the  square  of  the  distance  increases. 

Let  A,  B,  c,  D,  E,  p,  o,  H,  fig.  52,  represent  the  globe  of  the 
earth,  and,  to  simplify  the  explanation,  let  us  first  suppose  the 
entire  surface  of  the  globe  to  be  covered  with  water.  Let  M,  the 
moon,  be  placed  at  the  distance  MH  from  the  nearest  point  of  the 


Fig.  51. 


surface  of  the  earth.  Now  it  will  be  apparent  that  the  various 
points  of  the  earth's  surface  are  at  different  distances  from  the 
moon  M.    A  and  o  are  more  remote  than  h  j  b  and  f  still  more  re- 
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mote ;  c  and  £  more  distant  again,  and  D  more  remote  than  all.  The 
attraction  which  the  moon  exercises  at  H  is,  therefore,  greater  than 
that  which  it  exercises  at  A  and  Q,  and  still  greater  than  that 
which  it  produces  at  B  and  F  ;  and  the  attraction  which  it  exercises 
at  D  is  least  of  all.  Now  this  attraction  equally  afTects  matter  in 
every  state  and  condition.  It  affects  the  particles  of  fluid  as  well 
as  solid  matter ;  but  there  is  this  difference,  that  where  it  acts 
upon  solid  matter,  the  component  parts  of  which  are  at  difierent 
distances  from  it,  and  therefore  subject  to  different  attractions,  it 
will  not  disturb  the  relative  arrangement,  since  such  disturbances 
or  disarrangements  are  prevented  by  the  cohesion  which  character- 
ises a  solid  body ;  but  this  is  not  the  case  with  fluids,  the  particles 
of  which  are  mobile. 

The  attraction  which  the  moon  exercises  upon  the  shell  of 
water,J  which  is  collected  immediately  under  it  near  the  point  z, 
is  greater  than  that  which  it  exercises  upon  the  solid  mass  of 
the  globe ;  consequently  there  will  be  a  greater  tendency  of  this 
attraction  to  draw  the  fluid  which  rests  upon  the  surface  at  H 
toward  the  moon,  than  to  draw  the  solid  mass  of  the  earth  which 
is  more  distant. 

As  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attrac- 
tion, it  will  necessarily  heap  itself  up  in  a  pile  or  wave  over  H, 
forming  a  convex  protuberance,  as  represented  between  r  and  t. 
Thus  high  water  will  take  place  at  H,  immediately  under  the 
moon.  The  water  which  thus  collects  at  H  will  necessarily  flow 
from  the  regions  b  and  F,  where  therefore  there  will  be  a  diminished 
quantity  in  the  same  proportion. 

But  let  us  now  consider  what  happens  to  that  part  of  the  earth 
D.  Here  the  waters,  being  more  remote  from  the  moon  than  the 
solid  mass  of  the  earth  under  them,  will  be  less  attracted,  and 
consequently  will  have  a  less  tendency  to  gravitate  toward  the 
moon.  The  solid  mass  of  the  earth,  D  h,  will,  as  it  were,  recede 
from  the  waters  at  «,  in  virtue  of  the  excess  of  attraction,  leaving 
these  waters  behind  it,  which  will  thus  be  heaped  up  at  n,  so  as  to 
form  a  convex  protuberance  between  /  and  k,  similar  exactly  to 
that  which  we  have  already  described  between  r  and  ».  As  the 
difference  between  the  attraction  of  the  moon  on  the  waters  at  z 
and  the  solid  earth  under  the  waters  is  nearly  the  same  as  the 
difference  between  its  attraction  on  the  latter  and  upon  the  waters 
at  »,  it  follows  that  the  height  of  the  fluid  protuberances  at  z  and 
n  are  equal.  In  other  words,  the  height  of  the  tides  on  opposite 
sides  of  the  earth,  the  one  being  under  the  moon  and  the  other 
most  remote  from  it  are  equal. 

It  appears,  therefore,  that  the  cause  of  the  tides,  so  far  as  the 
action  of  the  moon  is  concerned,  is  not,  as  is  vulgaily  supposed, 
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the  mere  attraction  of  the  moon ;  since,  if  that  attraction  were 
equal  on  all  the  component  parts  of  the  earth,  there  would  assuredly 
be  no  tides.  We  are  to  look  for  the  cause,  not  in  the  attraction  of 
the  moon,  but  in  the  inequality  of  its  attraction  on  different  parts 
of  the  earth.  The  greater  this  inequality  is,  the  greater  will  be 
the  tides.  Hence,  as  the  moon  is  subject  to  a  slight  variation  of 
distance  from  the  eai-th,  it  will  follow,  that  when  it  is  at  its  l^ast 
distance,  or  at  the  point  called  perigee,  the  tides  will  be  greatest ; 
and  when  it  is  at  the  greatest  distance,  or  at  the  point  called 
apogee,  the  tides  will  be  least ;  not  because  the  entire  attraction  of 
the  moon  in  the  former  case  is  greater  than  in  the  latter,  but  be- 
cause the  diameter  of  the  globe  bearing  a  greater  proportion  to  the 
lesser  distance  than  the  greater,  there  will  be  a  gi'eater  inequality 
of  attraction. 

222.  SITects  of  sun's  attracUon. — It  will  occur  to  those  who 
bestow  on  these  obseiTations  a  little  reflection,  that  all  which  we 
have  stated  in  reference  to  the  effects  produced  by  the  attraction  of 
the  moon  upon  the  earth,  will  also  be  applicable  to  the  attraction 
of  the  sun.  This  is  undoubtedly  true ;  but  in  the  case  of  the  sun 
the  effects  are  modified  in  some  very  important  respects.  The  sun 
is  at  400  times  a  greater  distance  than  the  moon,  and  the  actual 
amount  of  its  attraction  on  the  earth  would,  on  that  account,  be 
1 60,000  times  less  than  that  of  the  moon ;  but  the  mass  of  the 
sun  exceeds  that  of  the  moon  in  a  much  greater  ratio  than  that  of 
1 60,000  to  1 .  It  therefore  possesses  a  much  greater  attracting 
power  in  ^-irtue  of  its  mass,  compared  with  the  moon,  than  it  loses 
by  its  greater  distance.  It  exercises,  therefore,  upon  the  earth  an 
attraction  enormously  greater  than  the  moon  exercises.  Now,  if 
the  simple  amount  of  its  attraction  were,  as  is  commonly  sup- 
posed, the  cause  of  the  tides,  the  sun  ought  to  produce  a  vastly 
greater  tide  than  the  moon.  The  reverse  is,  however,  the  case, 
and  the  cause  is  easily  explained.  Let  it  be  remembered  that 
the  tides  are  due  solely  to  the  inequality  of  the  attraction  on 
different  sides  of  the  earth,  and  the  greater  that  inequality  is,  the 
greater  will  be  the  tides,  and  the  less  that  inequality  is,  the  less 
will  be  the  tides. 

In  the  case  of  the  sun,  the  total  distance  is  1 2,000  diameters  of 
the  earth,  and  consequently  the  difference  between  its  distances 
from  the  one  side  and  the  other  of  the  earth  will  be  only  the 
1 2,000th  part  of  the  whole  distance,  while  in  the  case  of  the  moon, 
the  total  distance  being  only  30  diameters  of  the  earth,  the  differ- 
ence of  the  distances  from  one  side  and  the  other  is  the  30th  part 
of  the  whole  distance.  The  inequality  of  the  attraction,  upon  which 
alone,  and  not  on  its  whole  amount,  the  production  of  the  tidal 
wave  depends,  is  therefore  much  greater  in  the  case  of  the  moon. 
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According  to  Newton's  calculation,  the  tidal  wave  due  to  the  moon 
is  greater  in  height  than  that  due  to  the  sun  in  the  ratio  of  58  to 
23,  or  2^  to  I  very  nearly. 

223.  Cause  of  spring  and  neap  tides. — There  is,  therefore,  a 
solar  as  well  as  a  lunar  tide  wave,  the  former  being  much  less 
elevated  than  tl^ei  latter,  and  each  following  the  luminary  from 
which  it  takes  its  name.  When  the  sun  and  moon,  therefore,  are 
either  on  the  same  side  of  the  earth,  or  on  the  opposite  sides  of  the 
earth — in  other  words,  when  it  is  new  or  full  moon — their  effects 
in  producing  tides  are  combined,  and  the  spring  tide  is  produced, 
the  height  of  which  is  equal  to  the  solar  and  lunar  tides  taken 
together. 

On  the  other  hand,  when  the  sun  and  moon  are  separated  from 
each  other  by  a  distance  of  one  fourth  of  the  heavens,  that  is, 
when  the  moon  is  in  the  quarters,  the  effect  of  the  solar  tide  has  a 
tendency  to  diminish  that  of  the  lunar  tide. 

The  tides  produced  by  the  combination  of  the  lunar  and  solar  tide 
waves  at  the  time  of  new  and  full  moon  are  called  sPBnra  tides  ; 
and  those  produced  by  the  lunar  wave  diminished  by  the  effect  of 
the  solar  wave  at  the  quarters  are  called  neap  ttdbs. 

224.  IVlijrtlie  tides  are  not  prodnoed  direetly  under  tlie 
moon.  — If  physical  effects  followed  immediately  vrithout  any 
appreciable  interval  of  time  the  operation  of  their  causes,  then  the 
tidal  wave  produced  by  the  moon  would  be  on  the  meridian  of  the 
earth  directly  under  and  opposite  to  that  luminary  ;  and  the  same 
would  be  true  of  the  solar  tides.  But  the  waters  of  the  globe  have 
in  common  with  all  other  matter,  the  property  of  inertia,  and  it 
takes  a  certain  interval  of  time,  to  impress  upon  them  a  certain 
change  of  position.  Hence  it  follows  that  the  tidal  wave  produced 
by  the  moon  is  not  formed  immediately  under  that  body,  but  follows 
it  at  a  certain  distance.  In  consequence  of  this,  the  tide  raised  by 
the  moon  does  not  take  place  for  two  or  three  hours  after  the  moon 
passes  the  meridian  ;  and  as  the  action  of  the  sun  is  still  more  feeble, 
there  is  a  still  greater  interval  between  the  transit  of  the  sun  and 
occurrence  of  the  solar  tide. 

22).  Prlminff  and  lairfflnff  of  tlie  tides. — But  besides  these 
circumstances,  the  tide  is  affected  by  other  causes.  It  is  not  to  the 
separate  effect  of  either  of  these  bodies,  but  to  the  combined  effect 
of  both,  that  the  effects  are  due  ;  and  at  every  period  of  the  month, 
the  time  of  actual  high  water  is  either  accelerated  or  retarded  by 
the  sun.  In  the  first  and  third  quarters  of  the  moon,  the  solar  tide 
is  westward  of  the  limar  one ;  and,  consequently,  the  actual  high 
water,  which  is  the  result  of  the  combination  of  the  two  waves,  will 
be  to  the  westward  of  the  place  it  would  have  if  the  moon  acted 
alone,  and  the  time  of  high  water  will  therefore  be  accelerated.    In 
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the  second  and  fourth  quarters  the  general  effect  of  the  sun  is,  for 
a  similar  reason^  to  produce  a  retardation  in  the  time  of  high  water. 
This  effect,  produced  by  the  sun  and  moon  combined,  is  what  is 
commonly  called  the  priming  and  lagging  of  the  tides.  The  highest 
spring  tides  occur  when  the  moon  passes  the  meridian  about  an 
hour  after  the  sun ;  for  then  the  maximum  effect  of  the  two  bodies 
coincides. 

226.  Ses^arolies  of  "Wliewell  and  Knbbook* — The  subject  of 
the  tides  has  of  late  years  received  much  attention  from  several 
scientific  investigators  in  Europe.  The  discussions  held  at  the  an- 
nual meetings  of  the  British  Association  for  the  Advancement  of 
Science,  on  this  subject,  have  led  to  the  development  of  much  useful 
information.  The  laboursof  Professor  Whewell  have  been  especially 
valuable  on  these  questions.  Sir  John  Lubbock  has  also  published 
a  valuable  treatise  upon  it.  To  trace  the  results  of  these  investi- 
gations in  all  the  details  which  would  render  them  clear  and  intel- 
ligible, would  greatly  transcend  the  necessary  limits  of  this  volume. 
We  shall,  however,  briefly  advert  to  a  few  of  the  most  remarkable 
points  connected  with  these  questions. 

227.  Valvar  and  corrected  establlslunent. — The  apparent 
time  of  high  water  at  any  port  in  the  afternoon  of  the  day  of  new 
or  full  moon,  is  what  is  usually  called  the  edahlishment  of  the  port. 
Professor  Whewell  calls  this  the  vulgar  establishment,  and  he 
calls  the  corrected  establishment  the  mean  of  all  the  intervals  of  the 
tides  and  transit  of  half  a  month.  This  corrected  establishment  is 
consequently  the  luni- tidal  interval  corresponding  to  the  day  on 
which  the  moon  passes  the  meridian  at  noon  or  midnight. 

228.  IMomal  inequality. — The  two  tides  immediately  follow- 
ing one  another,  or  the  tides  of  the  day  and  night,  vary,  both  in 
height  and  time  of  high  water  at  any  particular  place,  with  the  dis- 
tance of  the  sun  and  moon  from  the  equator.  As  the  vertex  of  the 
tide  wave  always  tends  to  place  itself  vertically  imder  the  luminary 
which  produces  it,  it  is  evident  that  of  two  consecutive  tides,  that 
which  happens  when  the  moon  is  nearest  the  zenith  or  nadir  will  be 
gi-eater  than  the  other ;  and,  consequently,  when  the  moon's  decli- 
nation is  of  the  same  denomination  as  the  latitude  of  the  place,  the 
tide  which  corresponds  to  the  upper  transit  will  be  greater  than 
the  opposite  one,  and  vice  versdj  the  difference  being  greatest  when 
the  sun  and  moon  are  in  opposition,  and  in  opposite  tropics.  This 
is  called  the  diurnal  inequalitt,  because  its  cycle  is  one  day ; 
but  it  varies  greatly  at  different  places,  and  its  laws,  which  ap- 
pear to  be  governed  by  local  circumstances,  are  very  imperfectly 
known. 

229.  &ocal  effects  of  tlie  land  upon  tlie  tides. — We  have 
now  described  the  principal  phenomena  that  would  take  place  were 
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the  earth  a  sphere^  and  covered  entirely  with  a  fluid  of  uniform 
depth.  But  the  actual  phenomena  of  the  tides  are  infinitely  more 
complicated.  From  the  interruption  of  the  land,  and  the  irregular 
form  and  depth  of  the  ocean,  combined  with  many  other  disturbing 
circumstances,  among  which  are  the  inertia  of  the  waters,  tlfe 
friction  on  the  bottom  and  sides,  the  narrowness  and  length  of  the 
channels,  the  action  of  the  wind,  currents,  difference  of  atmospheric 
pressure,  &c.  &c.,  great  variation  takes  place  in  the  mean  times  and 
heights  of  high  water  at  places  differently  situated. 

230.  Velooitf  of  tidal  wave. — In  the  open  ocean  the  crest 
of  tide  travels  with  enormous  velocity.  If  the  whole  surface  were 
uniformly  covered  with  water,  the  summit  of  the  tide  wave,  being 
mainly  governed  by  the  moon,  would  everywhere  follow  the  moon's 
transit  at  the  same  interval  of  time,  and  consequently  travel  round 
the  earth  in  a  little  more  than  twenty-four  hours.  But  the  cir- 
cumference of  the  earth  at  the  equator  being  about  25,000  miles, 
the  velocity  of  propagation  would  therefore  be  about  1,000  miles 
per  hour.  The  actual  velocity  is,  perhaps,  nowhere  equal  to  this, 
and  is  very  different  at  difi^erent  places.  In  latitude  60*^  south, 
where  there  is  no  interruption  from  land  (excepting  the  narrow 
promontory  of  Patagonia),  the  tide  wave  will  complete  a  revolution 
in  a  lunar  day,  and  consequently' travel  at  the  rate  of  670  miles  an 
hour.  On  examining  Dr.  Whewell's  map  of  cotidal  lines,  it  will 
be  seen  that  the  great  tide  wave  from  the  Southern  Ocean  travels 
from  the  Cape  of  Good  Hope  to  the  Azores  in  about  twelve  hours, 
and  from  the  Azores  to  the  southernmost  part  of  Ireland  in  about 
three  hours  more.  In  the  Atlantic,  the  hourly  velocity  in  some 
cases  appears  to  be  10°  latitude,  or  near  700  miles,  which  is  almost 
equal  to  the  velocity  of  sound  through  the  air.  From  the  south 
point  of  Ireland  to  the  north  point  of  Scotland,  the  time  is  eight 
hours,  and  the  velocity  about  1 60  miles  an  hour  along  the  shore.  On 
the  eastern  coast  of  Britain,  and  in  shallower  water,  the  velocity  is 
less.  From  Buchanness  to  Sunderland  it  is  about  60  miles  an  hour ; 
from  Scarborough  to  Cromer,  3  5  miles ;  from  the  North  Foreland  to 
London,  30  miles ;  from  London  to  "Richmond  13  miles  an  hour  in 
that  part  of  the  river.  (Whewoll,  PhU,  Tram.  1 833,  1 836.)  It  is 
scarcely  necessary  to  remind  the  reader  that  the  above  velocities 
refer  to  the  transmission  of  the  undulation,  and  are  entirely  dif- 
ferent from  the  velocity  of  the  current  to  which  the  tide  gives 
rise  in  shallow  water. 

231.  Ran§re  of  tlie  tides. — The  difference  of  level  between 
high  and  low  water  is  affected  by  various  causes,  but  chiefly  by  the 
configuration  of  the  land,  and  is  very  different  at  different  places. 
In  deep  inbends  of  the  shore,  open  in  the  direction  of  the  tide  wave 
and  gradually  contracting  like  a  funnel,  the  convergence  of  water 
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causes  a  very  great  increase  of  the  range.  Hence  the  very  high 
tides  in  the  Bristol  Channel,  the  Baj  of  St.  Malo,  and  the  Bay  of 
Fund  J,  where  the  tide  is  said  to  rise  sometimes  to  the  height  of  one 
hundred  feet  Promontories,  under  certain  circumstances,  exert  an 
opposite  influence,  and  diminish  the  magnitude  of  the  tide.  The 
ohserved  ranges  are  also  very  anomalous.  At  certain  places  on  the 
south-east  coast  of  Ireland,  the  range  is  not  more  than  three  feet, 
while  at  a  little  distance  on  each  side  it  becomes  twelve  or  thirteen 
feet;  and  it  is  remarkable  that  these  low  tides  occur  directly 
opposite  the  Bristol  Channel  where  (at  Chepstow)  the  difference 
between  high  and  low  water  amounts  to  sixty  feet  In  the  middle 
of  the  Pacific  it  amounts  to  only  two  or  three  feet.  At  the  London 
Docks^  the  average  range  is  about  22  feet;  at  Liverpool,  15*5 
feet;  at  Portsmouth,  1 2*5 ;  at  Plymouth,  also  12*5 ;  at  Bristol,  33 
feet 

232.  Tides  alfooted  by  tlia  atmospliere. — Besides  the  nu- 
merous causes  of  irregularity  depending  on  the  local  circumstances, 
the  tides  are  also  affected  by  the  state  of  the  atmosphere.  At  Brest, 
the  height  of  high  water  varies  inversely  as  the  height  of  the 
barometer,  and  rises  more  than  eight  inches  for  a  fall  of  about  half 
an  inch  of  the  barometer.  At  Liverpool,  a  fall  of  one-tenth  of  an 
inch  in  the  barometer  corresponds  to  a  rise  in  the  river  Mersey  of 
about  an  inch ;  and  at  the  Loudon  Docks,  a  fall  of  one-tenth  of  an 
inch  corresponds  to  a  rise  in  the  Thames  of  about  seven-tenths  of 
an  inch.  With  a  low  barometer,  therefore,  the  tide  may  be  expected 
to  be  high;  and  vice  versd.  The  tide  is  also  liable  to  be  disturbed 
by  winds.  Sir  John  Lubbock  states  that,  in  the  violent  hurricane 
on  the  8th  of  January,  1839,  there  was  no  tide  at  Gainsborough, 
which  is  twenty-five  miles  up  the  Trent — a  circumstance  unknown 
before.  At  Saltmarsh,  only  five  miles  up  the  Ouse  from  the 
Humber,  the  tide  went  on  ebbing,  and  never  flowed  imtil  the  river 
was  dry  in  some  places  ;  while  at  Ostend,  towards  which  the  wind 
was  blowing,  contrary  effects  were  observed.  During  strong  north- 
westerly gales,  the  tide  marks  high  water  earlier  in  the  Thames 
than  otherwise,  and  does  not  give  so  much  water,  while  the  ebb 
tide  runs  out  late,  and  marks  lower ;  but  upon  the  gales  abating 
and  weather  moderating,  the  tides  put  in  and  rise  much  higher, 
while  they  also  run  longer  before  high  water  is  marked,  and  with 
more  velocity  of  current :  nor  do  they  run  out  so  long  or  so  low. 

233.  Tbe  trade  winds. — The  great  atmospheric  current<i  thus 
denominated,  from  the  advantages  which  navigation  has  derived 
from  them,  as  well  as  other  currents  arising  from  the  same  causes, 
are  produced  by  the  unequal  exposure  of  the  atmospheric  ocean, 
which  coats  the  terrestrial  globe,  to  the  action  of  solar  heat;  the 
expansion  and  contraction  that  air,  in  common  with  all  gaseous 
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bodies,  suffers  from  increase  and  diminution  of  temperature ;  the 
tendencj  which  lighter  fluids  have  to  rise  through  heavier ;  and, 
lastly,  the  rotation  of  the  earth  upon  its  axis. 

The  regions  in  which  the  traj)es  prevail  are  two  great  tropical 
belts  extending  through  a  certain  limited  number  of  degrees  north 
and  south  of  the  line,  but  not  prevailing  on  the  line  itself,  the 
atmospherical  character  of  which  is  an  almost  constant  calm.  The 
permanent  currents  blow  in  the  northern  tropical  belt  from  the 
north-east,  and  in  the  southern  from  the  south-east. 

On  the  other  hand,  in  the  higher  latitudes  of  both  hemispheres 
the  prevalent  atmospheric  currents  are  directed  from  west  to  east, 
n^dressing,  as  it  were,  the  disturbance  produced  by  the  trades. 

To  understand  the  cause  of  these  phenomena,  it  is  necessary  -to 
remember  that  the  sun,  never  depa^^ting  more  than  23^*^  from  the 
celestial  equator,  is  vertical  daily  to  different  points  around  the 
tropical  regions,  the  rotation  of  the  earth  bringing  these  points 
successively  under  his  disk.  The  sun,  at  noon,  for  places  situated 
on  the  equator,  is  never  so  much  as  23^°  from  the  zenith,  while  the 
extreme  zenith  distance  of  the  sun  at  noon,  for  places  within  the 
tropics,  can  never  exceed  47**.  The  intertropical  zone  from  these 
causes  becomes  much  more  intensely  heated  upon  its  surface, 
than  the  parts  of  either  hemisphere  at  higher  latitudes.  This' 
heat,  reflected  and  radiated  upon  the  incumbent  atmosphere, 
causes  it  to  expand  and  become  specifically  lighter,  and  it  ascends 
a-j  smoke  aud  heated  air  do  in  a  chimney.  The  space  it  deserts 
is  filled  by  colder  and  therefore  heavier  air,  which  rushes 
in  from  the  higher  parts  of  either  hemisphere;  while  the  air  thus 
displaced,  raised  by  its  buoyancy  above  its  due  level,  and  un- 
sustained  by  any  lateral  pressure,  flows  down  towards  either  pole, 
and,  being  cooled  in  its  course  and  rendered  heavier,  it  descends  to 
the  surfjice  of  the  globe  at  those  upper  latitudes  fi^m  which  the 
air  had  been  sucked  in  towards  the  line  by  its  previous  ascent. 

A  constant  circulation  and  an  intercliange  of  atmosphere  between 
the  intertropical  and  extratropical  regions  of  the  earth  would  thus 
take  place,  the  air  ascending  from  the  intertropical  surface  and 
then  flowing  towards  the  extratropical  regions,  where  it  descends  to 
the  surface  to  be  again  sucked  towai-ds  the  line. 

But  in  this  view  of  the  effects,  the  rotation  of  the  earth  on  its 
axis  is  not  considered.  In  that  rotation  the  atmosphere  participates. 
The  air  which  rises  from  the  intertropical  surfaces  carries  with  it 
the  velocity  of  that  surface,  which  is  at  the  rate  of  about  1000 
miles  an  hour  from  west  to  east.  This  velocity  it  retains  to  a 
considerable  extent  after  it  has  passed  to  the  higher  latitudes  and 
descended  to  the  surface,  which  moving  with  much  less  velocity  from 
west  to  east,  there  is  an  effective  current  produced  in  that  direction, 
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equivalent  to  the  excess  of  the  eastward  motion  of  the  air  over  the 
eastward  motion  of  the  surface  of  the  earth.  Hence  arises  the 
prevalent  westward  winds,  especially  at  sea,  where  causes  of 
local  disturbance  are  not  frequent,  which  are  so  familiar,  and  one 
of  the  effects  of  which  has  been,  that,  while  the  average  length  of 
the  trip  of  good  sailing  vessels  from  New  York  to  Liverpool  has 
been  only  twenty  days,  that  of  the  trip  from  Liverpool  to  New  Y'ork 
has  been  thirty-five  days. 

By  the  friction  of  the  earth,  and  other  causes,  the  air,  however, 
next  the  surface,  at  length  acquires  a  common  velocity  with  it,  and 
when  it  is,  as  above  described,  sucked  towards  the  line  to  fill  the 
vacuum  produced  by  the  air  drawn  upwards  by  the  solar  heat,  it 
carries  with  it  the  motion  £rom  west  to  east  which  it  had,  in  common 
with  the  surface,  at  the  higher  latitudes.  But  the  surface  at  the 
line  has  a  much  greater  velocity  than  this  from  west  to  east.  The 
surface,  therefore,  and  all  objects  upon  it,  are  carried  against  the 
air  with  the  relative  velocity  of  the  surface  and  the  air,  that  is  to  say, 
with  the  effect  of  the  difference  of  their  velocities.  Since  the 
surface,  and  the  objects  upon  it,  are  carried  eastward  at  a  much  less 
rate  than  the  air  which  has  just  descended  from  the  higher  latitudes, 
they  will  strike  against  the  air  with  a  force  proportional  to  the  dif- 
ference of  their  velocities,  and  this  force  will  have  a  direction  con- 
trary to  that  of  the  motion  of  the  surface,  that  is  to  say,  from  east 
to  west. 

But  it  must  be  considered  that  this  eastward  force,  due  to  the 
motion  of  the  earth's  surface,  is  combined  with  the  force  with  which 
the  air  moves  from  the  extratropical  regions  towards  the  line. 
Thus,  in  the  northern  hemisphere,  the  force  eastward  is  combined 
with  the  motion  of  the  air  from  north  to  south,  and  the  resultant 
of  these  forces  is  that  north-east  current  which  actually  prevails  ; 
while,  for  like  reasons,  south  of  the  line,  the  motion  of  the  air  from 
south  to  north,  being  combined  with  the  force  eastward,  produces 
the  south-eastern  current  which  prevails  south  of  the  line. 

Were  any  considerable  mass  of  air,  as  Sir  J.  Herschel  observes, 
to  be  suddenly  transferred  from  beyond  the  tropics  to  the  equator, 
the  difference  of  the  rotatory  velocities  proper  to  the  two  situations 
would  be  so  great,  as  to  produce,  not  merely  a  wind,  but  a  tempest 
of  the  most  destructive  violence  j  and  the  same  observation  would 
be  equally  applicable  to  masses  of  air  transported  in  the  contrary 
direction.  But  this  is  not  the  case;  the  advance  of  the  air  is  gradual, 
and  all  the  while  the  earth  is  continually  acting  on  the  air,  and  by 
the  friction  of  its  surface  accelerating  or  retarding  its  velocity. 
Supposing  its  progress  to  cease  at  any  point,  this  cause  would  almost 
immediately  communicate  to  it  the  deficient,  or  deprive  it  of  the 
excessive  motion  of  rotation,  after  which  it  would  revolve  quietly 
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with  the  earth  aod  be  at  relative  rest  We  have  only  to  call  to 
mind  the  comparatiTe  thinness  of  the  coating  of  air  with  which  the 
globe  is  invested  (62)  and  its  immense  mass,  exceeding,  as  it  does 
the  weight  of  the  atmosphere  at  least  100,000,000  times,  to  appre- 
ciate the  absolute  command  of  anj  extent  of  territoiy  of  the  earth 
over  the  atmosphere  inmiediately  incumbent  upon  it 

It  appears,  tiierefore,  that  these  currents,  as  they  approach  the 
equator  on  the  one  side  and  the  other,  must  gradually  lose  their 
force ;  their  exciting  cause  being  the  difference  of  the  magnitude  of 
the  parallels  of  latitude ;  and  this  difference  being  evanescent  near 
the  line,  and  very  inconsiderable  within  many  degrees  of  it,  the 
equalising  force  of  the  earth  above  described  is  allowed  to  take  full 
effect :  but,  besides  this,  the  currents  directed  from  the  two  poles 
encounter  each  other  at  the  line,  and  destroy  each  other's  foroe. 
Hence  arises  the  prevalence  of  those  calms  whidi  characterise  the 
line. 


CHAPTER  Xn. 


234.  Apparent  and  real  magnitude* — Owing  to  the  ellipti- 
city  of  the  earth's  orbit,  the  distance  of  the  sun  is  subject  to  a  peri- 
odical variation,  which  causes,  as  has  been  already  explained,  a 
corresponding  variation  in  its  apparent  magnitude.  Its  greatest 
apparent  diameter,  when  in  perihelion,  is  32'  36"-4,  or  I956"*4, 
and  its  least  apparent  magnitude,  when  in  aphelion,  is  3 1  ^  3  2",  or 
1 892'^     Its  mean  apparent  diameter  is  therefore  1 924'''2. 

The  real  magnitude  of  the  sun  may  be  easily  inferred  in  round 
numbers  from  that  of  the  moon.  The  apparent  diameter  of  the 
moon  being  equal  in  round  numbers  to  that  of  the  sun,  and  the 
distance  of  the  sun  being  384  times  greater  than  that  of  the  moon, 
it  follows  that  the  real  diameter  of  the  sun  must  be  384  times 
greater  than  that  of  the  moon.  It  must,  therefore,  be  on  this 
supposition  831,000  miles.  By  methods  of  calculation  sus- 
ceptible of  closer  approximation  than  this,  it  has  been  found  that 
the  magnitude  is  852,900  miles,  or  107}  times  the  diameter  of 
the  earth. 

The  linear  value  of  i ''  at  the  distance  of  the  sun,  is  443  miles. 

235.  BCavnitnde  of  tbe  snn  illustrated.  —  Magnitudes  such  as 
that  of  the  sun  so  far  transcend  all  standards  with  which  the  mind 
is  familiar,  that  some  stretch  of  imagination,  and  some  effort  of 
the  understanding,  are  necessary  to  form  a  conception,  however 
imperfect,  of  them.  The  expedient  which  best  serves  to  obtair 
some   adequate  idea  of  them  is,  to  compare  them  with  8oxx\a 


MH4*iin^*i.  iiii|«kf«#|/m*  )tf  'iranfmnmm  with  ftil  ordmuj  magnitudeSi 

J  Uk  .mtit  HMir  i»«»  jjtfifiliM  fiff»fijr  Hcoo  milMi  in  dmmeter.  If  the 
.Hill  u»B  •n)i»-ft««iM(n>l  lif  «  (fif lim  fiiiM  trat  four  iiichoH  in  diameter,  the 
'.iHMi  4^>iti)il  liu  i^(irti«<)fii«ii  by  A  Kldbtf  an  inch  in  diameter.  If  the 
atiii  'if  iiMi  till  Kill,  i^liU'U  uicanuri}*  478,000  niileM  in  diameter, 
wti€H  iiDmiI  lit  a  •uii,  •UL-b  a  aim  mtKbt  bts  plaved  within  the  actual 
«iiii,  ln«»hi(f  btsii^deii  tbnir  iurfat'tMi  a  tlidtauco  of  uoarly  200,000 
itillu«-  >ui:h  a  41111,  Meu  ^^11  tht)  earth,  would  have  an  apparent 
UiaiiitfCtfr  liuU  lUiirtt  tban  half  tho  diamett^r  of  the  actual  9un. 

i  )A  awrf^**  MiA  v«liiai««— HiuiH)  the  aurfai^  of  globes  :ire 
iM  ibti  «t(iiar«^it  and  ihoir  volume  a«i  the  cuUic»»  of  their  diameters^ 
It  lidiowa  that  the  *urfai^  of  the  aiuu  mu^t  be  1 1.620  time;»,  and 
iU  \oluuie  1,2  <  J, 000  time!*,  ^ivater  thau  thvHM  of  the  earth. 

Ibus,  tv»  tWm  a  globe  like  the  *ua  it  would  be  iiece««ary  to 
r\dl  Ui^«Uilv  thiruvu  huudred  thoasiiuU  globci^  like  the  earth  intu 

It  i.<4  found,  bv  c«.miaderint{  tho  bulkn  yf  the  ditfereut  planets^ 
that  if  all  the  planot8  tuhl  suielhtw*  in  the  *>lttr  .'*ysiti.Mn  w^-n* 
moulded  intA>  a  single  if  lobe,  lliat  -;iol>o  would  siiil  not  exceed  the 
ti\e-huiidredth  part  oi  the  ^lobo  n"  tho  -am;  in  .Jth*r  wonlss  the 
bulk  oi  the  sua  i«i  ti\e  hundrtsU  iiuio«i  ^rnaifr  thau  ihe  .4i:;j^;rHtu 
bulk  oli  till  the  rest  '}i  tlio  bodit.-»  oi  m»o  -ivAiem. 

>^T.  Ha  maa*  ana  Ottaaitgr-  li\  UKiiiods  <a  .Tilcpiiaciuii 
lUidob^Tvatiou,  which  will  Ix'  ••.v|iiaiiied  Utre«i'tt'i-,  :ho  mii..  ,( 
the  miuw  oi  uiaUt'i*  couipo^in^  tlio  .;i«>bv  >(  ihv  -uu.  to  :he  iniftHS 
lit'  lUiiiivr  oouipoiiing  iho  eorlii,  !iao  l>«t'U  .»6ct<riaiued  to  Ije  xi  s.coo 
to  I. 

B>  rompaiing  this  {uupurtiou  'i'  'iiu  I'wuiilwH  .f  •Hmuemljlo 
ruiitier  iu  the  >uii  .uiJ  •  iirtU  witii  riuii-  :^ainf  ^oiumw&,  -.t  'viH 
be  ■■vidcut  tiiui.  tlit;  niouu  -loiic^itv  -li  'tui  -iiuiihi-  .'i.inpuMjijr  jy^^ 
>uu  :uu.'.L  !h;  .ibouL  tour  '.iuu*  :o>»  rliuu  Mit;  -nmui  irMiMiy 'i'  m^ 
luaLlcr  ■'omposanK  tlie  .'arih ;  -or  ;utiit.u^ii  ■  ii*i  ■  ouiiiit*  -i"  -{^^ 
nuu  I'XLVcas  timi.»i'  tin:  •  oiUi  m   :iio  ;j*ii«»     1    f  ..:s  j.ooo  ;  j  i,  :tj* 

Wl'l^ilt     '1-    'liOcc.    ■  .\COcdS    :iAHt''l     -iu-      ^W»«l     ■'»       .'if      ■■.>^,.i-     -HUo  .»i 

Uj.wVO  Uj  I,  'iic  =:UUu-  rau.i  i»tiUiC  -mu'  :!nu'..  .-.s^  -m^^^  .  ^^^^ 
•..im.J-.  'iUik  -'U-  ?>uik,  riitioUuo,  'iit-  -uu  =^  ,!»ur  ;:n,L>  ;;uti'r 
! imu  (lie  -iU'Lii. 

•ion-.    >  o;     iuucc   riial  .i"  'vs^fclvi    .SOs     l    ••'ii'^\\>     ;ihi   ■  rie    .;,^,.^^ 
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■u.4i    'i'  N>.i.<i.      Hiifii  \iuuo  ^^oUla  "o  ;!Jcnit.-«.vi   :..  i  04    .-.4^,^    ;.,,^ 
.:!il'..  .      Xj't  I  iJiti.  llv^  ySl  ». 
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Ilerscbel  infers  the  probability  that  an  intense  beat  prevails  in 
its  interior,  by  which  its  elasticity  is  reinforced,  and  rendered 
capable  of  resisting  the  almost  inconceivable  pressure  due  to 
its  intrinsic  gravitation,  without  collapsing  into  smaller  dimeii- 
sions. 

238.  Form  and  rotation  —  axis  of  rotation.  — Although  to 
minds  unaccustomed  to  the  rigour  of  scientific  research,  it  might 
appear  sufficiently  evident,  without  further  demonstration,  tibat 
the  sun  is  globular  in  its  form,  yet  the  more  exact  methods  pur^ 
sued  in  the  investigation  of  physics  demand  that  we  should  find 
more  conclusive  proof  of  the  sphericity  of  the  solar  orb  than  the 
mere  fact  that  the  disk  of  the  sun  is  always  circular.  It  is  barely 
possible,  however,  improbable,  that  a  flat  circular  disk  of  matter, 
the  face  of  which  should  always  be  presented  to  the  earth,  might 
be  the  form  of  the  sun ;  and  indeed  there  are  a  gi-eat  variety 
of  other  forms  which,  by  a  particular  arrangement  of  their  mo- 
tions, might  present  to  the  eye  a  circular  appearance  as  well  as 
a  globe  or  sphere.  To  prove,  then,  that  a  body  is  globular,  some- 
thing more  is  necessary  than  the  mere  fact  that  it  always  appears 
circular. 

When  a  telescope  is  directed  to  the  sun,  we  discover  upon  it 
certain  marks  or  spots,  of  which  we  shall  speak  more  fully  pre- 
sently. We  observe  that  these  marks,  while  they  preserve  the 
same  relative  position  with  respect  to  each  other,  move  regularly 
from  one  side  of  the  sun  to  the  other.  They  disappear,  and  con- 
tinue to  be  invisible  for  a  certain  time,  come  into  view  again  on 
the  other  side,  and  so  once  more  pass  over  the  sun's  disk.  This  is 
an  effect  which  would  evidently  be  produced  by  marks  on  the 
surface  of  a  globe,  the  globe  itself  revolving  on  an  axis,  and 
carrying  these  marks  upon  it.  That  this  is  the  case,  is  abun- 
dantly proved  by  the  fact  that  the  periods  of  rotation  for  all  these 
marks  are  found  to  be  exactly  the  same,  viz.  about  twenty-five 
days  and  a  quarter,  or  more  exactly  25*  y^  48*".  Such  is,  then, 
the  time  of  rotation  of  the  sun  upon  its  axis,  and  that  it  is  a 
globe  remains  no  longer  doubtful,  since  a  globe  is  the  only  body 
which,  while  it  revolves  with  a  motion  of  rotation,  would  always 
present  the  circular  appearance  to  the  eye.  The  axis  on  which 
the  Sim  revolves  is  very  nearly  perpendicular  to  the  plane  of  the 
earth's  orbit,  and  the  motion  of  rotation  is  in  the  same  direction  as 
the  motion  of  the  planets  round  the  sun,  that  is  to  say,  fi*om  west 
to  east. 

239.  Spots.  —  One  of  the  earliest  fruits  of  the  invention  of  the 
telescope  was  the  discovery  of  the  spots  upon  the  sim ;  and  the 
examination  of  these  has  gradually  led  to  some  knowledge  of  the 
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physical  constitution  of  the  centre  of  attraction  and  the  common 
fountain  of  light  and  heat  of  our  system. 

When  we  submit  a  solar  spot  to  telescopic  examination,  we 
discover  its  appearance  to  be  that  of  an  intensely  black  irregularly 
shaped  patch,  generally  edged  with  a  penumbral  fringe.  When 
watched  for  a  considerable  time,  it  is  found  to  undergo  a  gradual 
change  in  its  form  and  magnitude ;  at  first  increasing  gradually  in 
size,  until  it  attain  some  definite  limit  of  magnitude,  when  It  ceases 
to  increase,  and  soon  begins,  on  the  contrary,  to  diminish  ;  and  its 
diminution  goes  on  gradually,  until  at  length,  the  bright  sides 
closing  in  upon  the  dark  patch,  it  dwindles  first  to  a  mere  point, 
and  finally  disappears  altogether.  The  period  which  elapses  be- 
tween the  formation  of  the  spot,  its  gradual  enlargement,  subse- 
quent diminution,  and  final  disappearance,  is  very  various.  Some 
spots  appear  and  disappear  very  rapidly,  while  others  have  lasted 
for  weeks  and  even  for  months. 

The  magnitude  of  the  spots,  and  the  velocities  with  which  the 
matter  composing  their  edges  and  fringes  moves,  as  they  increase 
and  decrease,  are  on  a  scale  proportionate  to  the  dimensions  of  the 
orb  of  the  sun  itself,  ^lien  it  is  considered  that  a  space  upon  the 
sun's  disk,  the  apparent  breadth  of  which  is  only  a  minute,  actually 
measures  26,580  miles,  and  that  spots  have  been  frequently  ob- 
served, the  apparent  length  and  breadth  of  which  have  exceeded 
2',  the  stupendous  magnitude  of  the  regions  they  occupy  may  be 
easily  conceived. 

The  velocity  with  which  the  luminous  matter  at  the  edges  of 
the  spots  occasionally  moves,  during  the  gradual  increase  or  dimi- 
nution of  the  spot,  has  been  in  some  cases  found  to  be  enormous. 
A  spot,  the  apparent  breadth  of  which  was  90",  was  observed  by 
Mayer  to  close  in  about  40  days.  Now,  the  actual  linear  dimen- 
sions of  such  a  spot  must  have  been  39,870  miles,  and  conse- 
quently, the  average  daily  motion  of  the  matter  composing  its 
edges  must  have  been  1000  miles,  a  velocity  equivalent  to  nearly 
42  miles  an  hour. 

240.  Cause  of  tlie  spots — physical  state  of  tbe  sun's  sur- 
face.— Various  hypotheses  have  been  put  forward  to  explain  the 
origin  of  the  solar  spots,  and  of  the  physical  constitution  of  the  sun. 
Wilson's  theory  that  the  sun  consists  of  a  non-luminous  globe 
covered  with  a  light  stratum  of  incandescent  matter,  and  adopted 
with  some  moditications  by  Sir  W.  Ilerschel,  was  for  some  time 
recognised  as  the  most  probable  explanation  of  the  constitution  of 
the  sun  and  its  envelopes.  But  since  the  discoveries  of  Kirchhotf, 
this  theory  has  been  replaced  by  one  far  more  probable  derived 
from  the  spectrum  analysis  of  the  light  of  the  solar  atmosphere. 
That  the  spots  are  excavations,  and  not  mere  black  patches  on  * 
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the  surface^  is  proved  by  the  following  observations :  If  we  select 
a  spot  which  is  at  the  centre  of  the  sun^s  disk,  having  some  defi- 
nite form,  such  as  that  of  a  circle,  and  watch  its  changes  of  ap- 
pearance, when,  by  the  rotation  of  the  sun,  it  is  carried  toward 
the  edge,  we  find,  first,  that  the  circle  becomes  an  oval.  This, 
however,  is  what  would  be  expected,  even  if  the  spot  were  a 
circular  patch,  inasmuch  as  a  circle  seen  obliquely  is  foreshortened 
into  an  oval.  But  we  find  that  as  the  spot  moves  toward  the 
side  of  the  sun*6  limb,  the  black  patch  gradually  disappears,  the 
penumbral  fringe  on  the  inside  of  the  spot  becomes  invisible,  while 
the  penimibral  fringe  on  the  outside  of  the  spot  increases  in  appa- 
rent breadth,  so  that  when  the  spot  approaches  the  edge  of  the 
sun,  the  only  part  that  is  visible  is  the  external  penumbral  fringe. 
Now,  this  is  exactly  what  would  occur  if  the  spot  were  an  exca- 
vation. The  penumbral  fringe  is  produced  by  the  shelving  of  the 
sides  of  the  excavation,  sloping  down  to  its  dai'k  bottom.  As  the 
spot  is  carried  toward  the  edge  of  the  sun,  the  height  of  the  inner 
side  is  interposed  between  the  eye  and  the  bottom  of  the  excava- 
tion, so  as  to  conceal  the  latter  from  view.  The  surface  of  the 
inner  shelving  side  also  taking  the  direction  of  the  line  of  vision 
or  very  nearly,  diminishes  in  apparent  breadth,  and  ceases  to  be 
visible,  while  the  surface  of  the  shelving  side  next  the  edge  of  the 
sun  becoming  nearly  perpendicular  to  the  line  of  vision,  appears  of 
its  full  breadth. 

In  short,  all  the  variations  of  appearance  which  the  spots  undergo, 
as  they  are  carried  round  by  the  rotation  of  the  sun,  changing  their 
distances  and  positions  with  regard  to  the  sun's  centre,  are  exactly 
such  as  would  be  produced  by  an  excavation,  and  not  at  all  such 
as  a  dark  patch  on  the  solar  surface  would  undergo. 

241.  Sun  invested  by  two  atmosplieres,  and  a  Inmlnous 
stratum,  or  obromospliere. — PVom  the  many  explanations  of  the 
probable  formation  of  the  solar  spots,  it  is  generally  admitted  that 
they  are  cavities  in  the  photosphere.  Careful  observation  will 
reveal  a  continuous  variation  in  the  form  of  the  spots,  and  drawings 
made  of  them  from  day  to  day,  or  even  from  hour  to  hour,  will 
clearly  show  the  constant  disturbance  ot  the  matter  in  their 
neighbourhood.  This  fact,  combined  with  the  appearance  of  the 
penumbral  edges  of  the  spots,  led  Sir  W.  Ilerschel  to  believe  that 
the  nucleus,  or  globe  of  the  sun,  is  invested  by  two  atmospheres, 
one  being  like  our  own,  non-luminous,  and  the  superior  one  being 
that  alone  in  which  light  and  heat  are  evolved.  From  recent 
observations,  however,  it  is  assumed  that  the  solar  photosphere, 
emitting  lijrht  of  every  refrangibility,  is  surrounded  by  an  atmo- 
sphere of  a  lower  temperature,  and  this  again  by  the  chromo- 
sphere, a  stratum  composed  chiefly  of  incandescent  hydrogen  gas. 
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242.  Spots  maj  not  be  black. — We  are  not  warranted  in 
assuming  that  the  black  portion  of  the  spots  are  surfaces  really 
deprived  of  light,  for  the  most  intense  artificial  lights  which  can  be 
produced,  such,  for  example,  as  that  of  a  piece  of  quicklime  exposed 
to  the  action  of  the  compound  blow-pipe,  when  seen  projected  on 
the  sun^s  disk,  appear  as  daik  as  the  spots  themselves ;  an  effect 
which  must  be  ascribed  to  the  infinitely  superior  splendour  of  the 
sun's  light.  All  that  can  be  legitimately  inferred  respecting  the 
spots,  then,  is,  not  that  they  are  destitute  of  light,  but  that  they 
are  incomparably  less  brilliant  than  the  general  surface  of  the  sun. 

243.  Spots  ▼ariable. — The  prevalence  of  spots  on  the  sun*8 
disk  is  both  variable  and  irregular.  Sometimes  the  disk  will 
be  completely  divested  of  them,  and  will  continue  so  for  weeks  or 
months;  sometimes  they  will  be  spread  over  certain  parts  of  it 
in  profusion.  Sometimes  the  spots  will  be  small,  but  numerous  ; 
sometimes  individual  spots  will  appear  of  vast  extent ;  sometimes 
they  will  be  manifested  in  groups,  the  penumbras  or  fringes  being 
in  contact. 

The  duration  of  each  spot  is  also  subject  to  great  and  iiTegular 
variation.  A  spot  has  appeared  and  vanished  in  less  than  twenty- 
four  hours,  while  some  have  maintained  their  appearance  and 
position  for  nine  or  ten  weeks,  or  during  nearly  three  complete  re- 
volutions of  the  sun  upon  its  axis. 

A  large  spot  has  sometimes  been  observed  suddenly  to  crumble 
into  a  great  number  of  small  ones. 

^  244.  Prevail  generally  In  two  parallel  zones. — The  only 
circumstance  of  regularity  which  can  be  said  to  attend  these  re- 
markable phenomena  is  their  position  upon  the  sun.  They  are 
invariably  confined  to  two  moderately  broad  zones  parallel  to  the 
solar  equator,  separated  from  it  by  a  space  several  degrees  in  breadth. 
The  equator  itself  and  this  space  which  thus  separates  the  macular 
zones,  are  absolutely  divested  of  such  phenomena. 

Thus,  for  example,  in  the  latter  part  of  1 836  and  the  beginning 
of  1837,  when  a  large  number  of  spots  became  apparent,  their 
position  was  such  as  is  represented  in  fig,  53,  where  e  q  represents 
the  sun's  equator,  and  m  m',  n  n',  the  northern,  and  p  p%  q  q'  the 
southern  macular  zones. 

245.  Observations  and  drawings  ofBC.  Capoccl.  —  Amongst 
the  numerous  astronomers  who  have  devoted  much  time  and 
attention  to  this  subject,  and  who  have  made  most  important 
contributions  by  their  observations  and  researches,  we  may  mention 
M.  Capocci,  of  Naples,  Dr.  Pastorff,  of  Frankfort  (on  the  Oder),  Sir 
John  Herschel,  M.  Schwabe,  of  Dessau,  and  Mr.  Carrington. 

M.  Capocci  made  a  series  of  obsen'ations  on  the  spots  which  weie 
developed  on  the  sun^s  disk  in  1826,  when  he  recx)gni8ed  most  of 
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the  characters  above  described.     He  observed  that,  during  the 
increase  of  the  spot  fro:ii  its  first  appearance  as  a  dnrlc  point,  the 


ed^os  were  sharply  defined,  without  any  indication  of  the  grradually 
fading  away  of  the  frinpres  into  the  dark  central  spot,  or  into  each 
other ;  a  character  which  was  again  observed  by  Sir  J.  Herschel, 
in  1837.  He  found,  however,  that  the  same  character  was  not 
maintained  when  the  sides  began  to  contract  and  the  spots  to 
diminish :  during  that  process  the  edges  were  less  strongly  defined, 
being  apparently  covered  by  a  sort  of  luminous  atmosphere,  which 
often  extended  so  completely  across  the  dark  nucleus  as  to  throw  a 
thin  thread  of  light  across  it,  after  which  the  spot  soon  filled  up 
and  disappeared.  Oapocci  concurs  with  Sir  W.  Herschel  in 
regarding  the  internal  fiinges  surroimding  the  dark  nucleus  as  the 
section  of  the  inferior  stratum  of  the  atmosphere  which  forms  the 
coating  of  the  sun  ;  he  nevertheless  thinks  that  there  are  indications 
of  solid  as  well  as  gaseous  luminous  matter. 

Capocci  also  obsen-ed  veins  of  more  intensely  luminous  matter 
on  the  fringes  converging  towards  the  nucleus  of  the  spot,  which 
he  compares  to  the  structure  of  the  iris  Bun*ounding  the  pupil  of  the 
eye. 
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The  drawings  of  the  spots  observed  by  M.  Cftpocci,  given  in 
Plate  XrV.,  wiH  illastrate  these  observations.  It  is  to  be  regretted, 
however,  that  he  has  not  given  any  measures,  either  in  his  memoirs 
or  upon  his  drawings,  by  which  the  position  or  magnitude  of  the 
spots  can  be  determined. 

246.  Obsenrations  and  drawings  of  Br.  Pastorll^  in  1826. 
— Dr.  Pastorff  commenced  his  course  of  solar  observations  as  early 
as  1 819.  He  observed  the  spots  which  appeared  in  1826,  of 
which  he  published  a  series  of  drawings,  fW>m  which  we  have 
selected  those  given  in  Plate  XV.  from  observations  made  in  Sep- 
tember and  October,  contemporaneously  with  those  of  M.  Capocci. 
Pastorff  gives  the  position  of  all,  and  the  dimensions  of  the 
principal  spots.  The  numbers  on  the  horizontal  and  vertical  lines 
express  the  apparent  distances  of  the  spots  severally  from  the  limb 
of  the  sun  in  each  direction.  The  actual  dimensions  may  be 
estimated  by  obser^dng  that  i"  measured  at  right  angles  to  the 
visual  ray  represents  443  miles. 

247.  Observations  and  drawings  of  Pastorff  in  1828. — In 
May  and  June,  1828,  a  profusion  of  spots  were  developed,  which 
were  observed  and  delineated  by  Pastorff  with  the  most  elaborate 
accuracy. 

In  Plate  XVL,Jiff.  l  represents  the  positions  of  the  spots  as  they 
appeared  on  the  disk  of  the  sun  on  the  24th  of  May,  at  10  a.m., 
and^^*.  2,  3, 4,  and  5,  represent  their  forms  and  magnitudes.  The 
letters  A,  B,  c,  D,  in^.  I ,  give  the  positions  of  the  spots  marked  by 
the  same  letters  in  Jit/s.  2,  3,4,  and  5. 

The  dimensions  of  the  principal  spot  of  the  jjrroup  a  were 
stupendous ;  measured  in  a  plane  at  right  angles  to  the  visual  line, 
the  length  was  44,300  miles,  and  the  breadth  26.580. 

The  apparent  breadth  of  the  black  bottom  of  the  spot  was  40", 
which  corresponds  to  an  actual  breadth  of  1 7  720  miles.  So  that 
the  globe  of  the  earth  might  pass  through  such  a  hole,  leaving  a 
distance  of  nearly  5000  miles  between  its  surface  and  the  edges 
of  the  chasm. 

The  superficiid  dimensions  of  the  several  groups  of  spots  observed 
on  the  sun  on  the  24th  of  May,  at  10  A.  M.,  including  the  shelving 
sides,  were  cidoulated  to  be  as  follows :  — 

Square  Geos.  Miles. 
Group  A,  principal  ipot         -  -  -  -  .    918,000.000 

Ditto,  tnialier  spots    •.--•.    7j6,oo3.ooo 
Group  B-------    290,000,000 

Gr<Mip  C--*---.    231.003.000 
Group  D-------    304,000  000 

ToUlarea        ...  -  2496.000.000 

Thus  it  appears  that  the  principal  spot  of  the  group  a  covered  a 
space  equal  to  little  h'ss  than  five  times  the  entire  surface  of  the  earth  j 
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and  the  total  area  occupied  by  all  the  spots  collectively  amounted 
to  more  than  twelve  times  that  surface. 

On  the  days  succeeding  the  24th  of  May,  all  the  spots  were 
observed  to  change  their  foim  and  magnitude  from  day  to  day. 
The  great  spot  of  the  group  a,  which  even  when  so  close  to  the 
limb  of  the  sun  as  5',  or  a  sixth  of  the  apparent  diameter,  still 
measured  80''  by  40'',  was  especially  rapid  in  its  variation.  Its 
shelving  sides,  as  well  as  its  dark  bottom,  were  constantly  varied, 
and  limiinous  clouds  were  seen  floating  over  the  latter. 

After  the  disappearance  of  this  laige  spot,  and  several  of  the 
lesser  ones  of  the  other  groups,  a  new  spot  of  considerable  mag- 
nitude made  its  appearance  on  the  1 3th  of  June,  at  the  eastern 
edge  of  the  disk,  which  gradually  increased  in  magnitude  for 
eight  days.  On  the  21st  of  June,  at  half-past  9  in  the  morning, 
the  disk  of  the  sun  exhibited  the  spots  whose  position  is  represented 
mjig.  6,  Plate  XVI.,  and  whose  forms  and  magnitudes  are  indicated 
uifyfs.  7,  8,  9,  and  10. 

The  chief  spot  of  the  group  a  was  nearly  circular,  and  measured 
6\"  in  apparent  diameter,  the  diameter  of  its  dark  base  being 
about  30",  which,  without  allowing  for  projection,  represent 
actual  lengths  of  28,352  miles,  and  13.290  miles,  the  former  being 
above  3  J  times,  and  the  latter  nearly  1  ^  times  the  earth's  diameter. 
Tlie  pi-ocess  of  formation  of  this  spot,  surroimded  by  luminous 
clouds,  was  clearly  seen.  The  shelving  sides  were  traversed  by 
luminous  ravines  or  rills,  converging  towards  the  centre  of  the 
black  nucleus,  and  exhibiting  the  appearance  which  Capocci 
compared  to  the  structure  of  the  iris. 

On  the  same  day  (21st),  another  large  spot,  B,^.  8,  appeared, 
which  measured  60"  by  40". 

Pastor fF  rejects  the  supposition  that  these  spots  were  the  mere 
reappearances  of  those  which  had  been  observed  on  the  24th  of 
May,  since  they  differed  essentially  in  their  form,  and  still  more  in 
their  entourage, 

248.  Observations  of  Sir  J.  Bersotael  in  1837. — Sir  J. 
Herschel,  at  the  Cape  of  Good  Hope,  in  1837,  observed  the  spots 
which  at  that  time  appeared  upon  the  sun,  and  has  given  various 
drawings  of  them  in  his  Cape  Observations.  These  diagrams  do 
not  differ  in  any  respect  in  their  general  character  from  those  of 
Capocci  and  Pasfx)rff.  Sir  J.  Herschel  recognised  on  this  occasion 
the  striated  or  radiated  appearance  in  the  fringes  already  noticed  by 
Capocci  and  Pastorff.  lie  thinks  that  this  structure  is  intimately 
connected  with  the  physical  agency  by  which  the  spots  are 
produced. 

249.  Bonndary  of  ftrin^es  distinctly  defined.  —  It  is  ob- 
8en-ed  by  Sir  J.  Herschel  that  one  of  the  most  universal  ^w<i 
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rtriking  characters  of  the  solar  spots  is,  that  the  penumhral  Mnge 
imd  hlack  spots  are  distinctly  defined,  and  do  not  melt  gradually 
one  into  the  other.  The  spots  are  intensely  hlack,  and  the  penum- 
hral fringe  of  a  perfectly  uniform  degree  of  shade.  In  some  cases 
there  are  two  nuances  of  fringe^  one  lighter  than  the  other ;  hut  in 
that  case  no  intermixture  or  gradual  fading  away  of  one  into  the 
other  is  apparent.  **  The  idea  conveyed,'*  observes  Sir  J.  Herschel, 
"  is  more  that  of  the  successive  withdrawal  of  veils, — the  partial 
removal  of  definite  films,  —  than  the  melting  away  of  a  mist  or  the 
mutual  dilution  of  gaseous  media.''  This  absence  of  all  gradation, 
this  sharply  marked  suddenness  of  transition,  is,  as  Sir.  J.  Herschel 
also  notices,  entirely  opposed  to  the  idea  of  the  easy  niiscibility  of 
the  luminous,  non-luminous,  and  semi-luminous  constituents  of  the 
solar  envelope. 

250.  Obsenrations  of  M.  Sobwabe. — In  1826  M.  Schwabe 
first  entered  on  these  researches,  which  have  been  continued  to  the 
present  time.  For  more  than  thirty  years  the  sun  scarcely  appeared 
above  the  horizon,  without  being  confronted  by  M.  Schwabe's  tele- 
scope, and  it  is  found  from  his  results  that  on  an  average,  observa- 
tions of  the  spots  were  made  on  300  separate  days  in  a  year.  A 
scnitiny  of  the  sun's  disk  made  so  continuously  was  sure  to  produce 
some  valuable  addition  to  this  branch  of  astronomical  investigation. 
It  has  been  already  mentioned  that  the  number  of  spots  visible  at 
one  time  is  very  variable,  the  surface  of  the  sun  being  sometimes 
entirely  free  and  at  other  times  the  reverse  is  shown.  Now  it 
appears  from  M.  Schwabe's  observations  that  this  variation  in  the 
frequency  of  solar  spots,  is  not  accidental,  but  that  they  pass  through 
the  phases  of  maximum  and  minimum  in  a  period  of  about 
tjen  years.  This  periodicity  has  since  been  confirmed  by  other 
observers. 

It  has  been  long  known  that  the  intensity  of  the  magnetic  decli- 
nation is  subject  to  a  daily  variation,  which  is  supposed  to  be  con- 
nected in  some  way  with  the  sunj  but  it  has  also  been  determined 
that  this  daily  variation  is  liable  to  another  variation  whose  period 
from  minimum  to  maximum  and  from  maximum  to  minimum  is 
also  about  ten  years.  The  equal  periodicity  o^  the  two  phenonienH 
may  reasonably  be  supposed  to  have  a  common  origin,  and  the 
solar  observations  made  by  Mr.  Camngton,  and  at  the  Kew 
Observatory,  seem  to  bear  nut  the  opinion  that  the  agreement 
cannot  be  referred  to  a  simple  coincidence  of  facts. 

251.  Solar  fiaculos  and  laculos. — Independently  of  the  dark 
spttls  just  described,  the  luminous  part  of  the  solar  disk  i%  not 
imiformly  bright.  It  presents  a  mottled  appearance,  which  may  be 
compared  to  that  which  would  be  presented  by  the  undulated  and 
agitated  surface  of  an  ocean  of  liquid  fire,  or  to  a  stratum  of  lu« 
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minous  clouds  of  yarjing  depth  and  having  an  unequal  surface,  or 
the  appearance  produced  by  the  slow  subsidence  of  some  flocculent 
chemical  precipitates  in  a  transparent  fluid,  when  looked  at  per- 
pendicularly from  above.  In  the  space  immediately  around  the 
edges  of  the  spots  extensive  spaces  are  observed,  also  covered  with 
strongly  defined  curved  or  branching  streaks,  more  intensely  lumi- 
nous than  the  other  parts  of  the  disk,  among  which  spots  often  break 
out.  These  several  varieties  in  the  intensity  of  the  brightness  of 
the  disk  have  been  differently  designated  by  the  terms /oct//^  and 
lucules.  These  appearances  are  generally  more  prevalent  and 
strongly  marked  near  the  edges  of  the  disk. 

252.  Klreblioirs  solar  researelies.— The  theory  proposed 
by  Sir  W.  Herschel,  in  explanation  of  the  constitution  of  the 
solar  atmosphere,  obtained  general  acceptance  till  modified  by  the 
observations  of  MM.  Kirchhofi^  and  Bunsen,  who  in  1 860  an- 
nounced that  the  dark  absorption,  or  Fraunhofer,  lines  visible  in 
the  solar  spectrum  invariably  coincide  with  corresponding  lines  in 
spectra  of  the  incandescent  vapours  of  various  metals  and  gases. 
The  conclusions  of  these  eminent  physicists  were  soon  confirmed 
by  itie  observations  of  others,  and  are  now  placed  beyond  doubt. 
Our  conceptions  of  the  physical  constitution  of  the  solar  photo- 
sphere have  therefore  been  considerably  modified ;  a  result  due 
entirely  to  the  joint  application  of  the  spectroscope  for  the  analysis 
of  the  solar  light  in  combination  with  the  light  emanating  from 
the  incandescent  vapours  of  metals  and  gases.  When  Kirchhofif 
discovered  that  the  double  line  in  the  solar  spectrum,  designated 
by  Fraunhofer  by  the  letter  D,  was  identical  in  position  with  the 
double  bright  line  in  the  spectrum  of  sodium,  he  was  led  to  con- 
clude that  the  metal  sodium  must  be  present  in  an  incandescent 
state  in  the  sun's  photosphere,  the  reversal  of  the  lines  being 
caused  by  an  absorption  of  the  corresponding  coloured  rays  in  the 
photosphere,  while  passing  through  less  heated  vapours  of  the 
same  refrangibility.  One  of  the  original  experiments  of  Kirchhoff 
gives  a  good  example  of  his  method  of  research.  It  has  been  thus 
graphically  described  by  Dr.  Ri^coe.  *^  Judge  of  the  astonishment 
of  Kirchhoff  when  he  observed  that  dark  solar  lines  occurred  in 
positions  coincident  with  those  of  all  the  bright  iron  lines !  Exactly 
as  the  sodium  lines  were  identical  with  Fi-aunhofer's  line  D,  so  for 
each  of  the  iron  lines — of  which  Kirchhofl*  and  Angstrom  have 
since  mapped  no  less  than  460 — a  dark  solar  line  was  seen  to  cor- 
respond. Not  only  had  each  iron  line  its  dark  representative  in 
the  solar  spectrum,  but  the  breadth  and  degree  of  shade  of  the  two 
sets  of  lines  were  seen  to  agree  in  the  most  perfect  manner,  the 
brightest  iron  lines  corresponding  to  the  darkest  solar  lines.  To 
those  who  have  not  themselves  witnessed  this  coincidence  it  is 
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impoesible  to  gi^e  an  adequate  idea  by  words,  of  the  effect  pro- 
duced on  the  beholder,  when,  looking  into  the  spectroscope,  he 
sees  the  coincidence  of  every  one  of  perhaps  a  hundred  of  the  iron 
lines  with  a  dark  representative  in  the  sunlight;  and  the  idea  that 
iron  is  contained  in  the  solar  atmosphere  flashes  at  once  on  hia 
mind.*' 

253.  Pbyaical  constitatioa  of  tlie  pbotospbere. — ^From  the 
spectroscopic  observntions  of  Kirchhoff  and  subsequent  observers, 
it  is  sufficiently  proved  that  the  solar  photosphere  is  composed  of 
the  incandescent  vapours  of  a  number  of  metals  and  gases  of  which 
many  iire  common  to  those  found  on  the  earth.  The  principal  of 
these  are  sodium,  potassium,  magnesium,  manganese,  calcium, 
chromium,  iron,  nickel,  and  Iiydrogen  gas.  The  spectrum  lines  of 
these  substances  agree  most  perfectly  with  the  corresponding 
lines  in  the  solar  spectrum,  not  only  in  position,  but  also  in  inten- 
sity. For  example,  the  brighter  a  line  appears  in  its  spectrum,  so 
much  the  darker  will  its  corresponding  line  be  in  the  solar  spectrum. 
In  addition  to  the  metals  named  above,  partial  coincidences  of  the 
lines  give  some  probability  of  the  existence  in  the  photosphere  of 
barium,  cobalt,  copper,  gold,  and  zinc  The  presence  of  silver, 
mercury,  lead,  and  tin  has  not  been  detected. 

254.  Xncandeaoent  ooattnff  of  tlie  sun  iriMeoas. — In  a  sub- 
sequent chapter,  extracts  are  given  from  the  accounts  of  several 
observers  of  the  total  eclipses  of  the  sun  of  1 85 1  and  1 860.  The 
remarkable  phenomena  seen  on  these  occasions  are  described  suf- 
ficiently tu  show  that  the  general  results  of  the  spectroscopic 
observations  had  been  foreshadowed  by  most  of  the  observerii. 
During  the  total  eclipse  of  July  1 8,  1 868,  the  attention  of  the 
observers  was  directed  principally  to  the  spectrum  analysis  of  the 
rose-coloured  prominences,  with  a  view  of  determining  whether 
they  were  visible  by  means  of  the  reflected  light  of  the  sun  or  by 
their  own  incandescence.  The  spectroscope  revealed  at  once  tiiat 
these  emanations  were  really  mass^  of  glowing  gaseous  vapour. 
M.  Janssen,  who  observed  at  Guntoor,  India,  contrived  an 
apparatus  by  which  he  wha  able  to  see  the  prominences  in  full 
daylight,  and  he  concli'ded  that  these  bodies  are  formed  of  in- 
candescent hydrogen,  and  that  they  are  the  seats  of  rapid  move- 
ments, of  which  no  terrestrial  phenomena  can  give  an  idea. 

255.  Prominences  seen  in  dajliirbt  by  Mr.  Xiockyer  and 
M.  Janssen. — It  is  a  remarkable  coincidence  that  while  M. 
Janssen  was  still  in  India,  Mr.  Liockyer,  without  any  knowledge 
of  his  observations,  also  observed  the  prominences  in  daylight,  by 
employing  a  spectroscope  of  great  dispersive  power.  He  also 
detected  the  existence  of  a  gaseous  stratum  rx)nsi8ting  principally 
of  hydrogen  covering  the  whole  surface  of  the  sun,  and  which  is 
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evidentlj  similar  matter  to  that  clearly  shown  in  the  drawings 
of  several  observers  of  preceding  solar  eclipses  and  termed  sierra. 

256.  Tbe  solar  envelopes. — ^There  can  therefore  be  no  doubt 
that  the  central  globe  of  the  sun  is  surrounded  by  a  photosphere 
containing  the  incandescent  vapour  of  numerous  metals  and  gases ; 
that  the  exterior  portion  of  this  photosphere  must  consist  of 
vapours  of  the  same  metals  in  a  lower  state  of  temperature,  the 
whole  being  surrounded  bj  an  exterior  coatincr  formed  principally 
of  incandescent  vapour  of  hydrogen  gas.  This  outer  stratum  has 
received  the  name  of  chromosphere. 

257.  Violent  solar  oatbursts. — The  spectroscope  also  reveals 
8ome  of  the  effects  produced  by  the  enormous  forces  acting  on  the 
solar  surface.  Jets  of  glowing  vapour  have  been  observed  to  dart 
forth  suddenly,  rushing  upwards  to  a  height  of  many  thousands  of 
miles.  This  activity  is  continually  going  on  in  the  chromosphere, 
and  in  comparison  with  the  movements  of  the  terrestrial  atmosphere 
it  is  something  terrific.  In  an  eruption  witnessed  on  one  occasion 
by  Professor  Young,  of  Dartmouth,  U.S.,  the  upper  portions  of 
some  detached  filaments  were  in  ten  minutes  driven  upwards  to 
about  200,000  miles  from  the  surface  of  the  sun. 

258.  sir  J.  Bersebers  bypotbesis  to  ozplaln  tbe  solar 
spots. — The  region  of  the  spots  being  two  zones  parallel  to  the  solar 
equator,  manifests  a  connection  between  these  phenomena  and  the 
sun's  rotation.  The  like  regions  on  the  earth  are  the  theatres  of 
the  trade-winds  and  anti-trades,  and  of  hurricanes,  tornadoes, 
watei-spouts,  and  other  violent  atmospheric  disturbances.  On  the 
planets  the  same  regions  are  marked  by  belts,  appearances  which 
are  traced  by  analogy  to  the  same  physical  causes  as  those  which 
produce  the  trades  and  other  atmospheric  perturbations  prevailing 
in  the  tropical  and  ultrai-iropical  zones.  Analogy,  therefore,  sug- 
gests the  inquiry,  whether  any  physical  agencies  can  exist  upon  the 
sun  similar  to  those  which  produce  these  phenomena  on  the  earth 
and  planets. 

So  far  as  relates  to  the  earth  it  is  ceilain,  and  so  for  as  relates  to 
the  planets  probable,  that  the  immediate  physical  cause  of  these 
phenomena  is  the  inequality  of  the  exposure  of  the  earth's  surface 
to  solar  radiation,  and  the  consequent  inequality  of  temperature 
produced  in  difierent  atmospheric  zones,  either  by  the  direct  or 
reflected  calorific  rays  of  the  sun,  combined  with  the  earth's  rota- 
tion (233).  But  since  the  sim  is  itself  the  common  fountain  of 
heat,  supplying  to  all,  and  receiving  from  none,  no  similar  agency 
can  prevail  upon  it.  It  remains,  therefore,  to  consider  whether  the 
play  of  the  physical  principles  which  are  in  operation  on  the  sun 
itself,  irrespective  of  any  other  bodies  of  the  system,  can  supply  an 
explanation  of  such  a  local  difierence  of  temperature  as,  combined 
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with  the  sun's  rotation,  would  produce  anj  special  phvmcid  effects 
on  the  macular  zones,  bv  which  the  phenomena  of  the  spots  might 
be  explicable. 

The  heat  g:enerated  by  some  undiscovered  agifucy  upon  the  sun 
is  dispersed  throufrh  the  surrounding  space  by  radiation.  If,  as 
may  be  assumed,  the  rate  at  which  this  heat  is  generated  be  the 
same  on  all  parts  of  the  sun,  and  if,  moreover,  the  radiation  be 
equally  free  and  unobstructed  from  all  parts  of  its  surface,  it  is 
evident  that  an  unifonn  temperature  must  be  everjrwhere  main- 
tained. But  if,  from  any  local  cause,  the  radiation  be  more  ob- 
structed in  some  regions  than  in  others,  heat  will  accumulate  in 
the  former,  and  the  local  temperature  will  be  more  elevated  there 
than  where  the  radiation  is  more  free. 

But  the  only  obstruction  to  free  radiation  from  the  sun  must  arise 
from  the  atmosphere  with  which,  to  a  height  so  enormous,  it  is 
surrounded.  If,  however,  this  atmosphere  have  every^'here  thn 
same  height  and  the  same  density,  it  will  present  the  same  ob- 
struction to  radiation,  and  the  effective  radiation  which  takes  place 
through  it,  though  more  feeble  than  that  which  would  be  produced 
in  its  absence,  is  still  uniform. 

But  since  the  sim  has  a  motion  of  rotation  on  its  axis  in 
25*  7^  48*",  its  atmosphere,  like  that  of  the  earth,  must  participate 
in  that  motion  and  the  effects  of  centrifugal  force  upon  matter  so 
mobile :  the  equatorial  zone  being  carried  round  with  a  velocity 
greater  than  300  miles  per  secood,  while  the  polar  zones  are 
moved  at  a  rate  indefinitely  slower,  all  the  effects  to  which  the 
spheroidal  form  of  the  earth  is  due  will  affect  this  fluid  with  an 
energy  proportionate  to  its  tenuity  and  mobility,  the  consequence 
of  which  will  he  that  it  will  assume  the  form  of  an  oblate  sphe- 
rriid,  whose  axis  will  be  that  of  the  sun's  rotation.  It  will  flow 
from  the  poles  to  the  equator,  and  its  height  over  the  zones  con- 
tiguous to  the  equator  will  be  greater  than  over  those  contiguous 
to  the  poles,  in  a  degree  proportionate  to  the  ellipticity  of  the 
atmospheric  spheroid. 

Now,  if  this  reasoning  be  admitted,  it  will  follow  that  the  ob- 
struction to  nidiation  produced  by  the  solar  atmosphere  is  greatest 
over  the  equator,  and  gradually  decreases  in  proceeding  towards 
either  pole.  The  accumulation  of  heat,  and  consequent  elevation 
of  temperature,  is,  therefore,  greatest  a1  the  equator,  and  gradually 
decreases  towards  the  poles,  exactly  as  happens  on  the  earth  from 
other  and  different  physical  causes. 

The  eflects  of  this  inequality  of  temperature,  combined  with  the 
rotation,  upon  the  solar  atmosphere,  will  of  course  be  similar  in 
their  general  character,  and  different  only  in  degree  from  the  phe- 
nomena produced  by  the  like  cause  on  the  earth.   Inferior  currents 
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will,  as  upon  the  earth,  prevail  towards  the  equator,  and  superior 
counter-currents  towards  the  poles  (233).  The  spots  of  the  sun 
would,  therefore,  be  assimilated  to  those  tropical  regions  of  the  earth 
in  which,  for  the  moment,  hurricanes  and  tornadoes  prevail,  the 
upper  stratum  which  has  come  from  the  equator  being  temporarily 
carried  downwards,  displacing  by  its  force  the  strata  of  luminous 
matter  f}eneath  it  (which  may  be  conceived  as  forming  an  habitually 
tranquil  limit  between  the  opposite  upper  and  under  currents),  the 
upper  of  course  to  a  greater  extent  than  the  lower,  and  thus 
wholly  or  partially  denuding  the  opaque  surface  of  the  sun  below. 
Such  processes  cannot  be  unaccompanied  by  vorticose  motions, 
which,  left  to  themselves,  die  away  by  degrees,  and  dissipate,  with 
this  peculiarity,  that  their  lower  portions  come  to  rest  more 
speedily  than  their  upper,  by  reason  of  the  greater  distance  below, 
as  well  as  the  remoteness  from  the  point  of  action,  which  lies  in  a 
higher  region,  so  that  their  centre  (as  seen  in  our  waterspouts, 
which  are  nothing  but  small  tornadoes)  appears  to  retreat  up- 
wards.* 

Sir  J.  Herschel  maintains  that  all  this  agrees  perfectly  with 
what  is  observed  during  the  obliteration  of  the  solar  spots,  which 
appear  as  if  filled  in  by  the  collapse  of  their  sides,  the  penumbra 
closing  in  upon  the  spot  and  disappearing  afterwards. 

It  would  have  rendered  this  ingenious  hypothesis  still  more 
satisfactory,  if  Sir  J.  Herschel  had  assigned  a  reason  why  the 
luminous  and  subjacent  non-luminous  atmosphere,  both  of  which 
are  assumed  to  be  gaseous  fluids,  do  not  affect,  in  consequence  of 
the  rotation,  the  same  spheroidal  form  which  he  ascribes  to  the 
supeiior  solar  atmosphere. 

259.  Calorlilo  power  of  solar  rays.  —  The  intensity  of  heat 
on  the  suu's  surface  has  been  found  to  be  seven  times  as  great  as 
that  of  the  vivid  ignition  of  the  fuel  in  the  strongest  blast  furnace. 
This  power  of  solar  light  is  also  proved  by  the  facility  with  which 
the  calorific  rays  pass  through  glass.  Herschel  found,  by  experi- 
ments made  with  an  actinometer,  that  8 1 -6  per  cent,  of  the  calo- 
rific rays  of  the  sun  penetrate  a  sheet  of  plate  glass  o*i2  inch 
thick,  and  that  85*9  per  cent,  of  thercys  which  have  passed  through 
one  such  plate  will  pass  through  another.! 

260.  Probable  pliysical  cause  of  solar  heat. — One  of  the 
most  difficult  questions  connected  with  the  physical  condition  of 
the  sun,  is  the  discovery  of  the  agency  to  which  its  heat  is  due. 
To  the  liypothe^is  of  combustion,  or  any  other  which  involves  the 
supposition  of  extensive  chemical  change  in  the  constituents  of 
the  surface,  there  are  insuperable  diflliculties.     Conjecture  is  all 

•  Herschel's  Cape  Observations,  p.  434.  f  Ibid.  p.  133. 
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that  can  be  offered.  Bat  it  is  not  too  mach  to  asAiime  that  a 
violent  chemical  action  ia  continually  going  on,  as  is  evident  by 
the  terrific  oatbursts  of  luminous  vapours  which  the  spectroscope 
has  revealed  to  us ;  and  it  may  reasonably  be  supposed  that  when 
these  forces  are  exhibited,  intense  heat  must  be  the  primary  cause 
of  such  violent  solar  disturbances,  which  are  able  to  drive  matter 
upwards  to  a  height  of  200,000  miles. 


CHAPTER  Xm. 

THE  SOLAR  SYSTBM. 


261.  Peroepttoa  of  tbe  motioB  and  position  of  snrronndinc 
olijoota   depends  upon  tlie  station  of  tbo  observor.  —  The 

facility,  clearness,  and  certainty  with  which  the  motions,  distances^ 
magnitudes,  and  relative  position  and  arrangement  of  any  surround- 
ing objects  can  be  ascertained,  depends  in  a  great  degree,  upon  the 
station  of  the  observer.  The  form  and  relative  disposition  of  the 
building,  streets,  squares,  and  limits  of  a  great  city,  are  perceived, 
for  example,  with  more  clearness  and  certainty  if  the  station  of  the 
observer  be  selected  at  the  summit  of  a  lofty  building,  than  if  it 
were  at  any  station  level  with  the  general  plane  of  the  city  itself. 
This  advanta^'e  attending  an  elevated  place  of  observation  is  much 
augmented  if  the  objects  observed  are  affected  by  various  and 
complicated  motions  inter  se.  A  general,  who  directs  the  evolutions 
of  a  battle;  seeks  an  elevated  position  from  which  he  can  obtain,  as 
far  as  it  is  practicable  to  do  so,  a  bird's  eye  view  of  the  field ;  and 
it  was  at  one  time  proposed  to  employ  captive  balloons  by  which 
obsen-ers  could  be  raised  to  a  sufficient  elevation  above  the  plane 
of  the  military  manoeuvres. 

All  these  difficulties,  which  arise  from  the  station  of  the  observer 
being  in  the  general  plane  of  the  motions  observed,  are,  however, 
infinitely  aggravated  when  the  station  has  itself  motions  of  which 
the  observer  is  unconscious ;  in  such  case,  the  effects  of  these 
motions  are  optically  transferred  to  surrounding  objects,  giving  them 
apparent  motions  in  directions  contrary  to  that  of  the  observer,  and 
apparent  velocities,  which  vary  with  their  distance  from  the 
observer,  increasing  as  that  distance  diminishes,  and  diminishing 
as  that  distance  increases. 

All  such  effects  are  imputed  by  the  unconscious  obsener  to  so 
many  real  motions  in  the  objects  observed ;  and,  being  mixed  up 
with  the  motions  by  which  such  objects  themselves  are  actually 
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affected,  an  ineztaicable  confusion  of  changes  of  portion,  apparent 
and  real,  results,  which  involves  the  observer  in  obscurity  and 
difficulty,  if  his  purpose  be  to  ascertain  the  actual  motions  and 
relative  distances  and  arrangement  of  the  objects  around  him. 

262.  Peenliar  dUBculties  presented  by  tl&e  golar  gjitem. 
—  All  these  difficulties  are  presented  in  their  most  aggravated 
form  to  the  observer,  who,  being  placed  upon  the  eailh,  desires  to 
ascertain  the  motions  and  positions  of  the  bodies  composing  the 
solar  system.  These  bodies  all  move  nearly  in  one  plane,  and 
from  that  plane  the  observer  never  departs :  he  is,  therefore,  deprived 
altogether  of  the  facilities  and  advantages  which  a  bird's  eye  view 
of  the  system  would  afford.  He  is  like  the  commander  who  can 
find  no  station  from  which  to  view  the  evolutions  of  the  army 
against  which  he  has  to  contend,  except  one  upon  a  dead  level  with 
it,  but  with  this  great  addition  to  his  embarrassment,  that  his  own 
station  is  itself  subject  to  various  changes  of  position,  of  which  he 
is  altogether  unconscious,  and  which  he  can  only  ascertain  by  the 
apparent  changes  of  position  which  they  produce  among  the  objects 
of  his  observation  and  inquiry. 

The  difficulties  arising  out  of  these  circumstances  obstructed  for 
ages  the  progress  of  astronomical  science.  The  persuasion  so 
universally  entertained  of  the  absolute  immobility  of  the  earth,  was 
not  only  a  vast  error  itself,  but  the  cause  of  numerous  other  errors. 
It  misled  inquirers  by  compelling  them  to  ascribe  motions  to 
bodies  which  are  stationary,  and  to  ascribe  to  bodies  not  sta- 
tionary, motions  altogether  different  from  those  with  which  they  are 
really  affected. 

263.  General  arrangement  of  bodies  oompoeinff  tbe  solar 
system. — The  solar  system  is  an  assemblage  of  great  bodies, 
globular  in  their  foim,  and  analogous  in  many  respects  to  the  earth. 
Like  the  earth,  they  revolve  round  the  sun  as  a  common  centre,  in 
orbits  which  do  not  differ  much  from  circles  :  all  these  orbits  are 
very  nearly,  though  not  exactly,  in  the  same  plane  with  the  annual 
orbit  of  the  earth,  and  the  orbital  motions  all  take  place  in  the 
same  direction  as  that  of  the  earth. 

Several  of  these  bodies  are  the  centres  of  secondary  systems, 
another  order  of  smaller  globes  revolving  round  them  respectively 
in  the  same  manner,  and  accoixling  to  the  same  dynamical  laws  ae 
govern  their  own  motion  round  the  sun. 

264.  Planets  primary  and  secondary.  —  This  assemblage  of 
globes  which  thus  revolve  round  the  sun  as  a  common  centre,  of 
which  the  earth  itself  is  one,  are  called  planets  ;  and  the  second- 
ary globes,  which  revolve  roimd  several  of  them,  are  called 
SECONDARY  PLANETS,  SATELLITES,  or  MOONS,  One  of  them  being  oui 
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mooD,  which  revolves  round  the  earth  as  the  earth  itself  revolves 
round  the  sun. 

265.  Primary  oarry  wltli  tbem  tbe  seeondarj  round  tlio 
sun. — The  primary  planets  which  are  thus  attended  by  satellites, 
carry  the  satellites  with  them  in  their  orbital  course ;  the  common 
orbital  motion,  thus  shared  by  the  primary  planet  with  its  second- 
aries, not  preventing  the  harmonious  motion  of  the  secondaries 
round  the  primary  as  a  common  centre. 

266.  Planetary  motions  to  be  llrst  reirarded  as  elroularf 
anlform,  and  in  a  oonmion  plane. — It  will  be  conducive  to  the 
more  easy  and  clear  comprehension  of  the  phenomena  to  consider, 
in  the  first  instance,  the  planets  as  moving  round  the  sun  as  their 
common  centre  in  exactly  the  same  plane,  in  exactly  circular  orbits, 
and  with  motions  exactly  imiform.  None  of  these  suppositions 
correspond  precisely  with  their  actual  motions ;  but  they  represent 
them  so  very  nearly,  that  nothing  short  of  very  precise  means  of 
observation  and  measurement  is  capable  of  detecting  their  departmre 
from  them.  Tbe  motions  of  the  system  thus  understood  will  form 
a  first  and  very  close  approximation  to  the  truth.  The  modifica- 
tions to  which  the  conclusions  thus  established  must  be  submitted, 
so  as  to  allow  for  the  departures  of  the  sevenil  planets  from  the 
plane  of  the  ecliptic,  of  their  orbits  from  exact  circles,  and  of  their 
motions  from  perfect  uniformity,  will  be  easily  introduced  and  com- 
prehended. But  even  these  will  supply  only  a  second  approximation. 
Further  investigation  will  show  series  a^r  series  of  corrections, 
more  and  more  minute  in  their  quantities,  and  requiring  longer  and 
longer  peiiods  of  time  to  manifest  the  effects  to  which  they  are  directed. 

267.  Xnfeiior  and  superior  planets. — The  concentric  orbits 
of  the  planets  then  are  included  one  within  another,  augmenting 
successively  in  their  distances  from  the  centre,  so  as  in  general  to 
leave  a  great  space  between  orbit  and  orbit. 

Those  planets  which  are  included  within  the  orbit  of  the  earth 
are  called  inperiob  planets,  and  all  the  others  are  called  supe- 
rior PLANETS. 

268.  Periods.  —  The  periodic  time  of  a  planet  is  the  interval 
between  two  successive  letums  to  the  same  point  of  its  orbit,  or, 
in  short,  the  time  it  takes  to  make  a  complete  revolution  round  the 
sun.  It  is  foimd  by  obseivation,  as  might  be  naturally  expected, 
that  the  periodic  time  increases  with  the  orbit,  being  much  longer 
for  the  more  distant  planets;  but,  as  will  appear  hereafter,  this 
increase  of  the  periodic  time  is  not  in  the  same  proportion  as  the 
increase  of  the  orbit. 

269.  Synodic  motion.  — The  motion  of  a  planet  considered 
merely  in  relation  to  that  of  the  earth,  without  reference  to  its 
actual  position  in  its  orbit,  is  called  its  synodic  motion. 
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270.  Oeooentrio  and  beUooentrio  motions. — The  position 
and  moiion  of  a  planet  as  they  appear  to  an  ohseirer  on  the  earth 
Hre  called  geocentkic  *;  and  as  they  would  appear  if  the  ohservez 
were  transferred  to  the  sun,  are  called  heliocentbic. 

271.  Bellocentiio  motion  doduoiblo  ftotn  ffeooentiio. — 
Although  the  apparent  motions  cannot  he  directly  ohserred  from 
the  sun  as  a  station,  it  is  a  simple  prohlem  of  elementary  geometry 
to  deduce  them  from  the  geocentric  motions,  combined  with  the  rele^ 
tive  distances  of  the  earth  and  planet  from  the  sun ;  so  that  we  are  in 
a  condition  to  state  with  perfect  clearness,  precision,  and  cerUdnty, 
all  the  phenomena  which  the  motions  of  the  planetaiy  system  would 
present,  if,  instead  of  being  seen  from  the  movable  station  of  the 
earth,  they  were  witnessed  from  the  fixed  central  station  of  the 
sun. 

272.  Blonration. — The  geocentric  position  of  a  planet  in  rela- 
tion to  the  sun,  or  the  angle  formed  by  lines  dmwn  from  the  earth 
to  the  Sim  and  planet,  is  called  the  elongation  of  the  planet,  and 
is  EAST  or  WEST,  according  as  the  planet  is  at  the  one  side  or  the 
other  of  the  sun. 

273.  Conjunction. — When  the  elongation  of  a  planet  is  nothing, 
it  is  said  to  be  in  conjunction,  being  then  in  the  same  direction  as 
the  sun  when  seen  from  the  earth. 

274.  Opposition.  —  When  the  elongation  of  a  planet  is  180°, 
it  is  said  to  be  in  opposition,  being  then  in  the  quarter  of  the 
heavens  directly  opposite  to  the  sun. 

It  is  evident  that  a  planet  which  is  in  conjunction,  passes  the 
meridian  at  or  very  near  noon,  and  is  therefore  above  the  horizon 
during  the  day,  and  below  it  during  the  night. 

On  the  other  hand,  a  planet  which  is  in  opposition,  passes  the 
meridian  at  or  very  near  midnight,  and  therefore  is  above  the 
horizon  during  the  night,  and  below  it  during  the  day. 

275.  Quadrature.  —  A  planet  is  said  to  be  in  quadrature  when 
its  elongation  is  90°. 

In  this  position  it  passes  the  meridian  at  about  six  o*clock  in 
the  morning,  when  it  has  western  quadrature,  and  six  o'clock  iu 
the  evening,  wlien  it  has  eastern  quadrature.  It  is,  therefore,  above 
the  horizon  on  the  eastern  side  of  the  firmament  during  the  latter 
part  of  the  night  in  the  former  case,  and  on  the  western  side  during 
the  first  part  of  the  night  in  the  latter  case.  It  is  a  moraing  star 
in  the  one  case,  and  an  evening  star  in  the  other. 

276.  Synodic  period.  —  The  interval  which  elapses  between 
two  similar  elongations  of  a  planet  is  called  the  synodic  pkriod  of 

•  From  the  Greek  words  y^  (gP)  and  ^Aios  (helios),  signifying  the  earth 
and  the  gun. 
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the  planet  ThoSy  the  interyal  between  two  succeflsive  oppositioub 
or  two  successive  eastern  or  western  quadratures^  is  the  synodic 
period. 

277.  Inferior  ana  suparior  eonjimotioii.  —  A  superior  planet 
can  never  be  in  conjunction  except  when  it  is  placed  on  the  side  of 
the  sun  opposite  to  the  earth,  so  that  a  line  drawn  from  the  earth 
through  the  sun  would,  if  continued  beyond  the  sun,  be  directed  to 
the  planet.  An  inferior  planet  is,  however,  also  in  conjunction 
when  it  crosses  the  line  drawn  from  the  earth  to  the  sun,  between 
the  earth  and  sun.  The  former  is  distinguished  as  superior  and 
the  latter  as  inferior  conjunction. 

As  inferior  conjunction  necessarily  supposes  the  planet  to  be 
nearer  to  the  sun  than  the  earth,  and  opposition  supposes  it  to  be 
more  distant,  it  follows  that  inferior  planets  alone  can  be  in 
inferior  conjunction,  and  superior  planets  alone  in  opposition. 

278.  Bireet  ana  retrograde  motion. — When  a  planet  appears 
to  move  in  the  direction  in  which  the  sun  appears  to  move,  its 
apparent  motion  is  said  to  be  direct  :  and  when  it  appears  to  move 
in  the  contrary  direction,  it  is  said  to  be  retrograde. 

The  apparent  motion  of  an  inferior  planet  is  always  direct,  except 
within  a  certain  elongation  east  and  west  of  inferior  conjimction, 
when  it  is  retrograde. 

279.  Conditions  under  wliiob  a  planet  is  visible  in  tlie 
absence  of  tbe  snn. — It  is  evident  that  to  be  visible  in  the 
absence  of  the  sim,  a  celestial  object  must  be  so  far  elongated  from 
that  luminary  as  to  be  above  the  horizon  before  the  commencement 
of  the  morning  twilight,  or  after  the  end  of  the  evening  twilight. 
One  or  two  of  the  planets  have,  nevertheless,  an  apparent  magni- 
tude so  considerable,  and  a  lustre  so  intense,  that  they  are  sometimes 
seen  with  the  naked  eye,  even  before  sunset  or  after  sunrise,  and 
may,  in  general,  be  seen  with  a  telescope  when  the  sun  has  a 
considerable  altitude.  In  most  cases,  however,  to  be  visible  without 
a  telescope,  a  planet  must  have  an  elongation  greater  than  30® 

*^  35°- 

As  an  instance  of  the  visibility  of  a  planet  to  the  naked  eye 
during  the  day  time,  it  may  be  mentioned  that  Venus  has  fre- 
quently been  seen  at  Greenwich,  between  one  and  two  o'clock  in 
the  afternoon,  when  the  planet  was  near  the  meridian,  and  under 
favourable  circumstances  with  a  brilliant  sky. 

280.  BreninflT  and  mominir  star. —  Since  the  inferior  planets 
can  never  attain  so  great  an  elongation  as  90®,  they  must  always 
pass  the  meridian  at  an  interval  considerably  less  than  six  hours 
before  or  after  the  sun.  If  they  have  eastern  elongation  they  pass 
the  meridian  in  the  afternoon,  and  are  visible  above  the  horizon 
after  sunset,  and  are  then  called  evkxixg  stars.     If  they  have 
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western  elongation  they  pass  the  meridian  in  the  forenoon,  and  are 
visible  above  the  eastern  horizon  before  siurise,  and  are  then  called 

MORNING  STABS. 

281.  Appearance  of  superior  planetp  at  ▼arioiie  elonfa- 
cioiis. — A  superior  planet,  having  every  degree  of  elongation  east 
and  west  of  the  sun  fix)ra  o^  to  1 80°,  passes  the  meridian  during 
its  synodic  period  at  all  hours  of  the  day  and  night  Between 
conjunction  and  quadrature,  its  elongation  east  or  west  of  the  sun 
being  less  than  90°,  it  passes  the  meridian  earlier  than  six  o'clock 
in  tlie  afternoon  in  the  former  case,  and  later  than  six  o'clock  in 
the  forenoon  in  the  latter  case,  being,  like  an  inferior  planet,  an 
evening  star  in  the  former,  and  a  morning  star  in  the  latter  case. 

At  eastern  quadrature  it  passes  t^e  meridian  at  six  in  the  even- 
ing, and  at  western  quadrature  at  six  in  the  morning,  appearing 
still  as  an  evening  star  in  the  former,  and  as  a  morning  star  in  the 
latter  case. 

Between  the  eastern  quadrature  and  opposition,  the  elongation 
being  more  than  90^  east  of  the  sun,  the  planet  must  pass  the 
meridian  between  six  o'clock  in  the  evening  and  midnight,  and  is 
therefore  visible  from  sunset  until  some  hours  before  simrise. 
Between  western  quadrature  and  opposition,  the  elongation  being 
more  than  90°  west  of  the  sun,  the  planet  must  pass  the  meridian 
at  some  time  between  midnight  and  six  o'clock  in  the  morning, 
aud  it  is  therefore  visible  from  some  hours  after  sunset  until  sun- 
rise. 

At  opposition  the  planet  passes  the  meridian  at  midnight,  and  is 
therefore  visible  from  sunset  to  sunrise. 

282.  Pliases  of  a  plaiiet. — While  a  planet  revolves,  that 
hemisphere  which  is  presented  to  the  sun  is  illuminated,  and  the 
other  dark.  But  since  the  same  hemisphere  is  not  presented 
generally  to  the  earth,  it  follows  that  the  visible  hemisphere  of  the 
planet  will  consist  of  a  part  of  the  dark  and  a  part  of  the  enlight- 
ened hemisphere,  and,  consequently,  the  planet  will  exhibit  phases, 
the  varieties  and  limits  of  which  will  depend  upon  the  relative 
directions  of  the  lines  drawn  from  the  eai-th  and  sun  to  the  planet. 
It  is  evident  that  the  section  of  the  planet  at  right  angles  to  a  line 
drawn  from  the  sun  to  its  centre  is  the  base  of  its  enlightened 
hemisphere,  while  the  section  at  right  angles  to  a  line  drawn  from 
the  earth  to  its  centre,  is  the  base  of  its  visible  hemisphere.  The 
less  the  angle  included  between  these  lines  is,  the  greater  wiU  be 
the  portion  of  the  visible  hemisphere  which  is  enlightened. 

283.  Perilielion,  apbelion,  mean  aistanoe. — That  point  of 
the  elliptic  orbit  at  which  a  planet  is  nearest  to  the  sun  is  called 
PERIHELION,  and  that  point  at  which  it  is  most  remote  is  called 

APHELION. 
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Fig  54. 


Thti  MEAN  DIBTAKCB  of  a  planet  from  the  sun  is  half  the  sum  of 
its  greatest  and  least  distances. 

284.  Major  ana  minor  axes*  and  ezoentrioltj  of  tlie  oiiliit. 

— The^^.  54  repi'esents  an  ellipse,  of  which  p  is  the  focus  and  c 
the  centre.  The  line  c  f  continued  to  P  and  a  is  the  major  axis, 
sometimes  called  the  transverse  axis.  Of  all  the  diameters  which 
can  be  drawn  through  the  centie  c,  terminating  in  the  curve,  it  is 

the  longest,  while  mcm',  drawn 
at  right  angles  to  it,  called  the 
MINOR  axis,  is  the  shortest.  The 
line  F  m',  which  is  equal  to  p  c, 
half  the  major  axis,  and  there- 
fore to  half  the  sum  of  the  great- 
est and  least  distances  of  the 
ellipse  from  its  focus,  is  the  mean 

DISTANCE. 

A  planet,  is,  therefore,  at  its  mean  distance  from  the  sun  when  it 
is  at  the  extremities  of  the  minor  axis  of  its  orbit. 

There  is  another  point  p'  on  the  major  axis,  at  a  distance  p'  c 
from  the  centre,  equal  to  p  c,  which  has  also  the  geometric  pro- 
perties of  the  focus.  It  is  sometimes  distinguished  as  the  empty 
FOCUS  of  the  planet's  orbit. 

Ellipses  may  be  more  or  less  excentric,  that  is  to  say  more  or 
less  oval.  The  less  excentric  they  are,  the  less  they  differ  in  form 
from  a  circle.  The  degree  in  which  they  have  the  oval  form, 
depends  on  the  ratio  which  the  distance  p  c  of  the  focus  from  the 
centre,  bears  to  P  c,  the  semi-axis  major.  Two  ellipses  of  different 
magnitudes  in  which  this  ratio  is  the  same,  have  a  like  fonn,  and 
are  equally  excentric.  The  less  the  ratio  of  c  P  to  c  p  is,  the  more 
nearly  does  the  ellipse  resemble  a  circle.  This  ratio,  is,  therefore, 
called  the  excentricity. 

The  excentricity  of  a  planet's  orbit  will,  therefore,  be  that  number 
which  expresses  the  distance  of  the  sim  from  the  centre  of  the 
ellipse,  the  semi-axis  major  of  the  orbit  being  taken  as  the  unit. 

285.  Apsiaes,  anomaly.  —  The  points  of  perihelion  and 
aphelion  are  called  by  the  common  name  of  apsides. 

If  an  eye  placed  at  the  sun  p  look  in  the  direction  of  p,  that  point 
will  be  projected  upon  a  certain  point  on  the  firmament.  This  is 
called  the  place  of  perihelion. 

The  angle  formed  by  a  line  drawn  from  the  sun  to  the  place  p  of 
a  planet,  and  the  major  axis  of  its  orbit,  or,  what  is  the  same,  the 
angular  distance  of  the  planet  from  its  perihelion,  as  seen  from  the 
sun,  is  called  its  anomaly. 

If  an  imaginary  planet  be  supposed  to  move  fix)m  perihelion  to 
aphelion,  with  any  imiform  angular  motion  round  the  sun  in  the 
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same  time  that  the  real  planet  moyes  between  the  same  points 
with  a  variable  angular  motion;  the  anomaly  of  this  imaginary 
planet  is  called  the  mean  anomaxt  of  the  planet. 

286.  Place  of  peiilielioii. — The  place  of  perihelion  is  ex- 
pressed by  indicating  the  particular  fixed  star  at  or  near  which  the 
planet  at  P  is  seen  from  F^  or,  what  is  the  same,  the  distance  of 
that  point  from  some  fixed  and  kpown  point  in  the  heavens.  The 
point  selected  for  this  purpose  is  the  vernal  equinoxial  point,  or  the 
first  point  of  Ariea,  The  distance  of  perihelion  from  this  point,  as 
seen  from  the  sun,  is  called  the  longittjde  of  pseihelion,  and  is 
an  important  condition  affecting  the  position  of  the  planet's  orbit  in 
space. 

287.  Szoentiiolties  of  orbits  small. —  The  planets'  orbits, 
like  that  of  the  earth,  though  elliptical,  are  very  slightly  so.  The 
excentricities  are  so  minute,  that  if  the  form  of  the  orbit  were 
delineated  on  paper,  it  could  not  be  distinguished  from  a  circle 
except  by  very  exactly  measuring  its  breadth  in  different  direc- 
tions. 

288.  Xaw  of  attraotioii  aedaoed  ft^m  elUptie  orbit. — As 
the  equable  description  of  areas  roimd  the  centre  of  the  sun  proves 
that  point  to  be  the  centre  of  attraction,  the  elliptic  form  of  the 
orbit  and  the  position  of  the  sun  in  the  focus  indicate  the  law 
according  to  which  this  attraction  varies  as  the  distance  of  the 
planet  from  the  sun  varies.  Newton  has  demonstrated,  in  his 
Principia,  that  such  a  motion  necessaiily  involves  the  condition 
that  the  intensity  of  the  atti-active  force,  at  different  points  of  the 
orbit,  varies  inversely  as  the  square  of  the  distance,  increasing  as  the 
square  of  the  distance  decreases,  and  vice  versa, 

289.  The  orbit  miflrbt  be  a  parabola  or  byperbola. — Newton 
also  proved  that  the  converse  is  not  necessarily  true,  and  that  a 
body  may  move  in  an  orbit  which  is  not  elliptical  round  a  centre 
(if  force  which  varies  according  to  this  law.  But  he  showed  that 
the  orbit,  if  not  an  ellipse,  must  be  one  or  other  of  two  curves, 
a  parabola  or  hyperbola,  having  a  close  geometric  relation  to 
the  ellipse,  and  that  in  all  cases  the  centre  of  force  would  be  the 
focus  of  the  curve. 

These  three  sort^  of  curves,  the  ellipse,  the  parabola,  and  hyper- 
bola, are  those  which  would  be  produced  by  cutting  a  cone  in 
different  directions  by  a  plane,  and  they  are  hence  culled  the  conic 

SECTIONS. 

290.  Conditions  wbiob  determine  the  species  of  tbe  orbit. 

— The  conditions  under  which  the  orbit  of  a  planet  might  be  a 
parabola  or  hvperbola,  depend  on  the  relation  which  the  velocity 
of  the  motion  of  the  planet,  at  any  given  point  of  the  orbit,  bears 
to  the  intensity  of  the  attractive  force  at  that  point.     It  is  demon- 
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strable  that,  if  the  velocity  with  which  a  planet  moves  at  any  priven 
point  of  its  orbit  were  suddenly  augmented  in  a  certain  proportion, 
its  orbit  would  become  a  parabola,  and  if  it  were  still  more 
augmented,  it  would  become  an  hyperbola. 

The  ellipse  is  a  curve  which,  like  the  circle,  retunu  into  itself f  so 
that  a  body  moving  in  it  must  necessarily  retrace  the  same  path  in 
an  endless  succession  of  revolutions.  This  is  not  the  character  of 
the  parabola  or  hyperbola.  They  are  not  closed  cur^'e8,  but  consist 
of  two  branches  which  continue  to  diverge  from  each  other  without 
ever  meeting.  A  planet,  therefore,  which  would  thus  move,  would 
pass  near  the  sun  once,  following  a  curved  path,  but  would  then 
depart  never  to  return. 

291.  Law  of  irravitatloii  general. — The  elliptic  form  of  the 
orbit  of  a  planet  indicates  the  law  which  governs  the  variation  of 
the  sun*s  attraction  from  point  to  point  of  such  orbit ;  but  beyond 
this  orbit  it  proves  nothing.  It  remains,  therefore,  to  show  from 
the  planetary  motions  round  the  sun,  and  from  the  motions  of  the 
satellites  round  their  primaries,  that  the  same  law  of  attraction  by 
which  the  intensity  decreases  as  the  square  of  the  distance  from 
the  centre  of  attraction  increases,  and  vice  versdy  is  universal. 

The  attraction  exerted  upon  any  body  may  be  measured,  in 
general,  as  that  of  the  eaith  on  bodies  near  its  surface  is  measured, 
by  the  spaces  through  which  the  attracted  body  woidd  be  drawn 
in  a  given  time.  It  has  been  found,  that  the  attraction  which  the 
earth  exerts  at  its  surface,  is  such  as  to  draw  a  body  towards  it 
through  193  inches  in  a  second.  Now  if  the  space  through  which 
the  sun  would,  by  its  attraction  at  any  proposed  distance,  draw  a 
body  in  one  second,  could  be  found,  the  attraction  of  the  sun  at 
that  distance  could  be  exactly  compared  with,  and  measured  by 
the  attraction  of  the  earth,  just  as  the  length  of  any  line  or  distance 
is  ascertained,  by  apphdng  to  it,  and  comparing  it  with,  a  standard 
yaixi  measure. 

292.  Xnolinatioii  of  tHe  orbits  —  noaes. — For  the  sake  of 
illustration,  we  will  suppose  the  planets  to  be  moving  in  the  plane 
of  the  earth's  orbit.  If  this  were  strictly  true,  no  planet  would 
ever  be  seen  on  the  lieavens  out  of  the  ecliptic.  The  inferior 
planets,  when  in  inferior  conjunction,  would  always  appear  as  spots 
on  the  sun ;  and  when  in  superior  conjunction,  they,  as  well  as  the 
superior  planets,  would  always  be  behind  the  sim's  disk.  This  is 
not  the  case.  The  planets  generally,  superior  and  inferior,  are 
seldom  seen  actually  upon  the  ecliptic,  although  they  are  never  far 
removed  from  it  The  centre  of  the  planet,  twice  in  each  revolution, 
is  observed  upon  the  ecliptic.  The  points  at  which  it  is  thus  found 
upon  the  plane  of  the  earth's  orbit  are  at  opposite  sides  of  the  sun, 
180''  asunder,  as  seen  from  that  luminary.    At  one  of  them  the 
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planet  passes  from  the  south  to  the  north  of  the  ecliptiC;  and  at  the 
other  from  the  north  to  the  south. 

293.  Woaes,  aseendlBir  uia  aesoendiiiff. — Those  po'.nts. 
where  the  centre  of  a  planet  crosses  the  ecliptic,  are  called  its  nodes, 
that  at  which  it  passes  from  south  to  north  being  called  the  ascend- 
ING  NODE,  and  the  other  the  descending  node. 

While  the  planet  passes  from  the  ascending  to  the  descending 
node,  it  is  north  of  the  ecliptic ;  and  while  it  passes  from  the 
descending  to  the  ascending  node,  it  is  south  of  it. 

All  these  phenomena  indicate  that  the  planet  does  not  move  in 
the  plane  of  the  ecliptic  but  in  a  plane  inclined  to  it  at  a  certain 
angle.  This  angle  cannot  be  great,  since  the  planet  is  never 
observed  to  depart  far  from  the  ecliptic  With  a  few  exceptions 
which  will  be  noticed  hereafter,  the  obliquity  of  the  planets'  orbits 
do  not  amount  to  more  than  7°. 

294.  The  soaiao. — Most  of  the  planets,  therefore,  nut  departing 
more  than  about  8^  from  the  ecliptic,  north  or  south,  their  motions 
ftre  limited  to  a  zone  of  the  heavens  bounded  by  two  parallels  to 
the  ecliptic  at  this  distance,  north  and  south  of  it. 

295.  To  determine  tlie  real  diameters  and  Tolnmes  of  tlie 
bodies  of  tHe  system. — The  apparent  diameter  of  a  planet  at  a 
known  distance  being  obsen-ed,  the  real  diameter  may  be  computed 
by  multiplying  the  linear  value  of  i"  at  the  distance  of  the  object, 
by  its  apparent  diameter  expressed  in  seconds  of  space. 

The  disks  of  the  inferior  planets  not  being  visible  at  inferior  con- 
junction when  their  dark  hemispheres  are  presented  to  the  earth,  and 
beinir  lost  in  the  effulgence  of  the  sun  at  superior  conjunction,  can 
only  be  observed  between  their  greatest  elongation  and  superior 
conjunction,  when  they  appear  gibbous.  The  distance  of  the  planet 
from  the  earth  is  computed  in  this  position  by  knowing  the  distances 
of  the  planet  and  the  earth  from  the  sun,  and  the  angle  under  the 
lines  drawn  from  the  sun  to  the  earth  and  planet,  which  can  always 
be  computed.  This  distance  being  obtained,  the  linear  value  of  I " 
at  the  planet  being  multiplied  by  the  greatest  breadth  of  its  gibbous 
disk,  the  real  diameter  will  be  obtained. 

Observations  of  Venus  are,  however,  occasionally  made  veiy 
near  to  superior  conjunction,  the  disk  of  the  planet  being  at  the 
time  apparently  circular,  but  of  limited  magnitude,  owing  to  the 
comparatively  great  distance  of  the  planet  from  the  earth. 

In  the  case  of  the  superior  planets,  their  diameters  may  be  best 
obtained  when  in  opposition,  because  then  they  appear  with  a  full 
disk,  and,  being  nearer  to  the  earth  than  at  any  other  elongation, 
have  the  greatest  possible  magnitude.  Their  distance  from  the  earth 
in  this  position,  is  always  the  difference  between  the  distances  of 
the  earth  and  planet  from  the  sun. 
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When  the  real  diameters  are  founds  the  yolitmes  can  be  oVtained, 
since  they  are  as  the  cubes  of  the  real  diameters. 

296.  BCetlioda  of  detcrmtning  tlie  nwi—  of  Uie  bodies  of 
Uie  solar  system* — The  work  of  the  astronomer  is  but  imperfectly 
performed  when  he  haa  only  mentioned  the  distances  and  magni- 
tudes, and  ascertained  the  motions  and  velocities,  of  the  great  bodies 
of  the  universe.  lie  must  not  only  measure,  but  weigh  these 
stupendous  masses. 

The  masses  or  quantities  of  matter  in  bodies  upon  the  surface  of 
the  earth  are  estimated  and  compared  by  their  weights  —  that  is, 
by  the  intensity  of  the  attraction  which  the  earth  exerts  upon  them. 
It  is  inferred  that  equal  quantities  of  matter  at  equal  distances 
from  the  centre  of  the  earth  are  attracted  by  equal  forces,  inasmuch 
as  all  masses,  great  and  small,  fall  with  the  same  velocity  (M.  231). 

The  intensity  of  the  attraction  with  which  the  earth  thus  acta 
upon  a  body  at  any  given  distance  from  its  centre  depends  on  the 
mass  or  quantity  of  matter  composing  the  earth.  If  the  mass  of 
the  earth  were  suddenly  increased  in  any  proposed  ratio,  the  weights 
of  all  bodies  on  its  surface,  or  at  any  given  distance  from  its  centre, 
would  be  increased  in  the  same  ratio,  and  in  like  manner,  if  its 
mass  were  diminished,  the  weights  would  be  decreased  in  the  same 
ratio.  In  short,  the  weights  of  bodies  at  any  given  distance  from 
the  earth's  centre  would  vary  with,  and  be  exactly  proportional  to, 
every  variation  in  the  mass  of  the  earth. 

A  further  explanation  of  the  method  of  determining  the  masses 
of  the  different  bodies  of  the  solar  system,  will  be  found  in  the 
concluding  chapter  of  this  volume. 

297.  To  aetermine  tlie  masses  of  planets  wbicli  haTe  no 
satellites. — The  masses  of  the  Ixxlies  composing  the  solar  system 
lire  measured,  and  compared  one  with  another,  by  ascertaining,  with 
the  necessary  precision,  any  similar  effects  of  their  attractions,  and 
allowing  for  the  effects  of  the  difference  of  distances.  The  effects 
which  are  thus  taken  to  measure  the  masses,  and  to  exhibit  their 
ratio  to  the  mass  of  the  sun  in  the  case  of  planets  attended  by 
satellites,  is  the  space  through  which  a  eatellite  would  be  drawn  by 
its  primary,  and  the  space  through  which  a  planet  would  be  drawn 
in  the  same  time  by  the  sun.  These  spaces  indicate  the  actual 
forces  of  attraction  of  the  planet  upon  the  satellite  and  of  the  sim 
upon  the  planet,  and  when  the  effect  of  the  difference  of  distance  is 
allowed  for,  the  ratio  of  the  mass  of  the  planet  to  the  mass  of  the 
sun  is  foimd. 

In  the  case  of  planets  not  attended  by  satellites,  the  effect  of 
th«'ir  gravitation  is  not  manifested  in  this  way,  and  there  is  no 
body  smaller  than  themselves,  and  sufficiently  near  them  to  exhibit 
the  same  easily  measured  and  very  sensible  effects  of  their  attrac- 
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tion,  and  hence  there  is  considerable  difficulty^  and  some  uncertainty 
as  to  their  exact  masses. 

298.  Mass  of  Mars  estimated  by  its  attraction  npon  tlie 
eartb. — The  nearest  body  of  the  system  to  which  Mars  approaches 
is  the  earth,  its  distance  from  which  in  opposition  is  nearly  fifty 
millions  of  miles,  or  half  the  distance  of  the  earth  from  the  sun. 
Now,  since  the  Tolume  of  Mars  is  only  the  sixth  part  of  that  of  the 
earth,  it  may  be  presumed  that,  whatever  be  its  density,  its  mass 
must  be  so  small  that  the  effect  of  its  attraction  on  the  earth  at  11 
distance  so  great  must  be  very  minute,  and  therefore  difficult  to 
ascertain  by  observation.  Nevertheless,  small  as  the  effect  thus 
produced  is,  it  is  not  imperceptible,  and  a  certain  deviation  from  the 
path  it  would  follow,  if  the  mass  of  Mars  were  not  thus  present, 
has  been  observed.  To  infer  from  this  deviation  the  mass  of  Mars 
b,  however,  a  problem  of  much  greater  complexity  than  the  deter- 
mination of  the  mass  of  a  planet  by  observing  its  attraction  upon 
its  satellite.  The  method  adopted  for  the  solution  of  the  problem 
is  a  sort  of  "  trial  and  error.*'  A  conjectural  mass  is  first  imputed 
to  Mars,  and  the  deviation  from  its  course  which  such  a  mass  would 
cause  in  the  orbital  motion  of  the  earth  is  computed.  K  such 
deviation  is  greater  or  less  than  the  actual  deviation  observed,  an- 
other conjectural  mass,  greater  or  less  than  the  former,  is  imputed 
to  the  planet,  and  another  computation  made  of  the  consequent 
deviation,  which  will  come  nearer  to  the  true  deviation  than  the 
former.  By  repeating  this  approximative  and  tentative  process  a 
masts  is  at  length  found,  which,  being  imputed  to  Mars,  would 
produce  the  observed  deviation  ;  and  this  is  accordingly  assumed  to 
be  the  tnie  mass  of  the  planet. 

In  this  way  the  mass  of  Mars  has  been  approximatively  esti- 
mated to  be  about  the  eighth  part  of  the  mass  of  the  earth. 

The  sniallness  of  this  mass  compared  with  its  distance  from  the 
only  body  on  which  it  can  exert  a  sensible  attraction  will  explain 
the  difficulty  of  ascertaining  it,  and  the  uncertainty  which  attends 
its  value. 

299.  Masses  of  Venus  and  Mercury. — The  same  causes  of 
difficulty  and  uncertainty  do  not  affect  in  so  great  a  degree  the 
planet  Venus,  whose  mass  is  somewhat  less  than  that  of  the 
earth,  and  which  moreover  comes  when  in  inferior  conjunction 
within  about  thirty  millions  of  miles  of  the  earth.  The  effects  of 
the  attraction  of  the  mass  of  this  planet,  upon  the  earth's  orbital 
motion  are  therefore  much  more  decided.  The  deviation  produced 
bv  it,  is  not  only  easily  observed  and  measured,  but  it  affects  in  a 
sensible  manner  the  position  of  the  plane  of  the  earth's  orbit.  By 
the  same  system  of  "  trial  and  error,"  the  mass  of  this  planet  is 
ascertained  to  be  an  eighth  less  than  that  of  the  earth. 
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The  difficulties  attending  the  determination  of  the  mass  of  Mer- 
cury are  still  greater  than  those  which  affect  Mars,  and  its  true 
value  is  still  very  uncertain.  Attempts  have  lately  been  made  to 
approximate  to  its  value^  by  obser\'ing  the  effects  of  its  attraction  on 
one  of  the  comets. 

300.  Katlftoda  of  aetermtnlny  tlie  mass  of  tlio  mooB«  — 
Owing  to  its  proximity  and  close  relation  to  the  earth,  and  the 
many  and  striking  phenomena  connected  with  it^  the  determination 
of  the  mass  of  the  moon  becomes  a  problem  of  considerable  import- 
tance.  There  are  various  observable  effects  of  its  attraction  by 
which  the  ratio  of  its  mass  to  those  of  the  sun  or  earth  may  be 
computed. 

301.  I  St.  By  natation.  —  It  has  been  shown  that  the  attractions 
of  the  masses  of  the  sun  and  moon  upon  the  protuberant  matter 
surrounding  the  equator  of  the  terrestrial  spheroid  produce  a 
regular  and  periodic  change  in  the  direction  of  the  axis  of  the  earth, 
and  consequently  a  corresponding  change  in  the  apparent  place  of 
the  celestial  pole.  The  share  which  each  mass  has  in  these  effects 
being  ascertained^  their  relative  attractions  exerted  upon  the  redun- 
dant matter  at  the  terrestrial  equator  is  found,  and  the  effect  of  the 
difierence  of  distance  being  allowed  for,  the  ratio  of  the  attracting 
masses  is  obtained. 

302.  2ndly.  By  tlie  tiaea.  —  It  has  also  been  shown  that,  by 
the  attractions  of  the  masses  of  the  sun  and  moon,  the  tides  of  the 
ocean  are  produced.  The  share  which  each  mass  has  in  the  pro- 
duction of  these  effects  being  ascertained,  and  the  eftect  of  the 
difference  of  distance  being  allowed  for,  the  ratio  of  the  masses  of 
thp  sun  and  moon  is  obtained. 

303.  3rdly.  By  tlie  oommon  centre  of  tpfwwitj  of  tlie  moon 
and  tHe  eartb. — It  has  been  stated  that  the  centre  of  attraction 
round  which  the  moon  moves  in  her  monthly  course  is  the  centre 
of  the  earth.  This  is  nearly,  but  not  exactly  true.  By  the  law  of 
gravitation  the  centre  of  attraction  is  not  the  centre  of  the  earth, 
but  the  centre  of  gravity  of  the  earth  and  moon,  that  is,  a  point 
whose  distance  from  the  centre  of  the  earth  has  to  its  distance  from 
the  centre  of  the  moon  the  same  ratio  as  the  mass  of  the  moon  has  to 
the  mass  of  the  earth.  (M.  309.)  Aroimd  this  point,  which  is  within 
the  surface  of  the  earth,  both  the  earth  and  moon  revolve  in  a  month, 
the  point  in  question  being  always  between  their  centres.  If,  then, 
the  position  of  this  point  can  be  found,  the  ratio  of  its  distances 
from  the  centres  of  the  earth  and  moon  will  give  the  ratio  of  their 
masses. 

Now,  the  monthly  motion  of  the  earth  round  such  a  centre 
would  necessarily  produce  a  corresponding  apparent  monthly 
displacement  of  the  sun.    Such  displacement,  though  small  (not 
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amounting  to  more  than  a  few  seconds),  is  nevertbelese  capable  of 
observation  and  measurement  The  exact  place  of  the  sun's  centre 
being  thei-efore  computed  on  the  supposition  of  the  absence  of  the 
moon^  and  compared  with  its  observed  place,  the  motion  of  the 
earth's  certre  and  the  position  of  the  point  roimd  which  it  revolves 
has  been  determined,  and  the  relative  masses  of  the  earth  and 
moon  thus  found. 

304.  4thly.  By  terrestrial  i^ravity. — By  what  has  been  al- 
ready explained,  the  space  through  which  the  moon  would  be  drawn 
towards  the  earth  in  a  given  time  by  the  earth's  attraction  can  be 
determined.  Let  this  space  be.expressed  by  s.  The  linear  velocity 
V  of  the  moon  in  its  orbit  can  also  be  determined.    Now,  if  r  be 

v' 
the  radius  of  the  orbit,  we  shall  have  r  =  x-* 

We  find,  therefore,  the  radius  vector  of  the  moon's  orbit  by 
dividing  the  square  of  its  linear  velocity  by  twice  the  space  through 
which  it  would  fall  towards  the  earth  in  the  unit  of  time.  But 
this  radius  vector  is  the  distance  of  the  moon's  centre  from  the 
common  centre  of  gravity  of  the  earth  and  moon.  The  distance  of 
that  point,  therefore,  from  the  centre  of  the  earth,  and  con- 
sequently the  ratio  of  the  masses  of  the  earth  and  moon,  will  be 
thus  found. 

All  these  methods  give  results  in  very  near  accordance,  from 
which  it  is  inferred  that  the  mass  of  the  moon  is  not  less  than  the 
seventy-fifth,  nor  greater  than  the  ninetieth  part  of  the  mass  of  the 
earth,  but  from  the  most  trustworthy  determinations  it  is  con- 
sidered to  be  about  the  eightieth  part  of  the  earth's  mass. 

305.  To  determine  tlie  masses  of  tlie  satellites. — The  same 
difficulties  which  attend  the  determination  of  the  masses  of  the 
planets  not  accompanied  by  satellites,  also  attend  the  determination 
of  the  masses  of  satellites  themselves,  and  the  same  methods 
are  applicable  to  the  solution  of  the  problem.  The  masses  of  the 
satellites  of  Jupiter  and  the  other  superior  planets  are  ascertained  in 
relation  to  those  of  their  primaries  by  the  disturbing  effects  which 
they  produce  upon  the  motions  of  each  other. 

306.  Classiflcatioii  of  tlie  planets  in  tbree  ffronps — Tirst 
ffroup — tHe  terrestrial  planets. — Of  the  planets  hitherto  dis- 
covered, three  which  present  in  several  respects  remarkable  ana- 
logies to  the  eailh,  and  whose  orbits  are  included  within  a  circle 
which  exceeds  the  earth's  distance  from  the  sun  by  no  more  than 
one-half,  have  been  from  these  circumstances  denominated  terkes- 
TRiAL  PLAINTS.  Two  of  thcsc,  Mercury  and  Venus,  revolve 
within  the  orbit  of  the  earth  ;  and  the  thii-d.  Mars,  revolves  in  an 
orbit  outside  that  of  the  earth,  its  distance  from  the  earth  when  in 
opposition  being  only  half  the  earth's  distance  from  the  sun.    A 
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supposed  new  planet,  whicli  has  received  the  name  of  Vt7LCA9, 
oud  whose  orbit  is  included  within  that  of  Mercury,  must  be  added 
to  this  group. 

307.  Seoona  yroup — tlie  planetoids. — A  chasm  having  a 
width  measuring  little  less  than  four  times  the  earth's  distance, 
separated,  for  many  ages  after  astronomy  had  made  considerable 
progress,  the  terrestrial  planets  from  the  more  remote  members  of 
the  system.  The  labours  of  observers  since  the  beginning  of  the 
present  century,  but  chiefly  since  1 845,  have  ^lled  this  chasm  with 
no  less  thnn  148  small  planets,  distinpruislied  from  all  the  other 
bodies  of  the  system  by  their  extremely  minute  magnitudes,  and  by 
the  circumstance  of  revolving  in  orbits  very  nearly  equal.  These 
bodie.^  have  been  distinguished  by  the  name  of  astekotds  or 
PL^EToiDS,  the  latter  being  preferable  as  the  most  characteristic 
and  appropriate. 

308.  Thira  ffroup  —  tlie  major  planets. — Outside  the  plane- 
toids, and  at  enormous  distances  from  the  sim  and  from  each  other, 
revolve  four  planets  of  stupendous  magnitude  —  named  JuriTER, 
Saturn,  Uranus,  and  Neptuke  :  the  two  former  being  visible  to  the 
naked  eye,  were  known  to  the  ancients ;  the  two  latter  are  tele- 
scopic, and  were  discovered  in  modem  times. 


CHAPTER  Xn^ 


THE  TEBKKSTRIAL  PI^NETS. 

I.  Vulcan. 

309.  The  supposed  new  inferior  planet. — The  supposed  new 
inferior  planet,  which  has  received  the  name  of  Vulcan,  is  believed 
by  many,  from  sufficient  proofs  ha^^ng  been  given  by  the  discoverer, 
to  be  in  reality  a  member  of  the  solar  system.  Some  degree  of 
doubt,  however,  will  necessarily  be  attached  to  the  existence  of 
this  planet,  until  its  identity  be  established  by  furtlier  observa- 
tions. 

It  will  be  sufficient  therefore  here  to  state  that  on  the  26th  of 
March,  1 859,  a  small  dark  body  was  seen  to  pass  over  a  portion  of 
the  sun's  disk  by  M.  Lescarbault,  a  physicitui  at  Org^i-cs  in  the 
department  Eure  et  Loire,  France,  having  every  appearance  of  being 
a  planet,  whose  orbit  would  be  included  within  that  of  Mercurv. 
From  his  observations,  which  were  registered  in  a  verj'  careful 
though  homely,  manner,  as  well  as  from  his  replies  to  a  very  severe 
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cross-examinatioQ  by  M.  Le  Verrier,  who  had  undertaken  to  prove 
the  truthfulness  of  the  discovery,  that  astronomer  was  convinced 
that  he  ought  not  to  doubt  the  reality  of  the  observation,  or  the 
good  faith  of  the  observer. 

From  the  observations  of  M.  Lescarbault,  it  is  supposed  that  the 
distance  of  Vulcan  from  the  sun  is  about  fourteen  millions  of  miles ; 
its  pejiod  less  than  20  days ;  the  inclination  of  its  orbit  1 2  or  1 3 
degrees;  and  the  longitude  of  the  ascending  node  13  degrees. 

This  suspected  planet  has  been  systematically  looked  for  at 
several-  of  the  principal  observatories,  at  those  times  when  its 
orbit  would  have  been  projected  on  the  sun's  disk.  The  search, 
however,  has  not  been  successful.  M.  Liais,  an  observer  of  con- 
siderable practice,  who  happened  to  be  engaged  in  the  observation 
of  solar  phenomena,  at  Rio  Janeiro,  at  the  identical  moment 
of  M.  Lescarbault's  alleged  discovery,  feels  certain  that  no  object 
of  a  planetary  nature  was  visible  at  that  particular  time.  It  is 
pow  considered  by  most  practical  astronomers  that  the  existence  of 
this  supposed  object  is,  to  say  the  least,  very  doubtful. 

IL  Mbbcuby. 

310.  Perloa. — If  we  except  Vulcan,  Mercury  is  the  nearest 
of  the  planets  to  the  sun,  and  that  which  completes  its  revolution 
in  the  shortest  interval  of  time. 

The  synodic  period  of  this  planet,  determined  by  immediate  ob- 
servation, is  1 1 5*88  days.    Its  mean  sidereal  period  is  87*97  days. 

If  the  earth's  period  be  expressed  by  I,  that  of  Mercury  will 
therefore  be  0*2408. 

311.  Mean  and  extreme  distances  troia  tkke  son  and  eartli. 
— ^"rhe  excentricity  of  the  orbit  of  Mercury  is  much  more  consider- 
able than  those  of  the  planets  generally,  being  a  little  more  than 
0*2056,  expressed  in  parts  of  the  mean  distance.  The  distance  of 
the  planet  from  the  sun  is,  therefore,  subject  to  a  variation, 
amounting  to  so  much  as  a  fifth  part  of  its  mean  value,  its  mean 
distance  being  about  35^  millions  of  miles.  The  greatest  and  least 
distances  from  the  sun  are,  therefore, 

42^  millions  of  miles  in  aphelion 
28  „  „  perihelion. 

The  distance  is,  therefore,  subject  to  a  variation  in  the  ratio  of  5  to 
7  very  nearly. 
The  mean  distances  of  the  planet  from  the  earth  are,  therefore, 
56    millions  of  miles  at  inferior  conjunction 
1 26}        „  „  superior  conjunction. 

These  distances  are  subject  to  an  increase  and  diminution  of 
seven  and  one-third  millions  of  miles  due  to  the  excentricity  of  the 
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orbit  of  the  pknet,  and  one  millioD  and  a-balf  of  milee  dae  to  Ihm 
excentricitj  of  the  orbit  of  the  earth. 

312.  Or— teat  •toBsattoa.  —  Owing  to  the  ellipticity  of  the 
planet's  orbit,  the  greatest  elongation  of  Mercury  is  subject  to  soum 
Tariation.    Its  mean  amount  is  2Z**'5. 

313.  mptdm  of  tbm  orMt  ralattrvljr  to  ttoat  •f  tiM  aartlk — 
The  orbit  of  Mercury  and  a  part  of  that  of  the  earth  are  exhibited  on 
their  proper  scale  in^.  55,  where  SB  is  the  earth's  distance  from 
the  sun,  and  m  m^'  m  the  orbit  of  the  planet  The  lines  E  m''  drawn 
from  the  earth  touching  the  orbit  of  the  planet  determine  the 
positions  of  the  planet  when  itj«  elongation  is  greatest  east  and  west 
of  the  sun.  The  points  m  are  the  positions  of  the  planet  at 
inferior  and  superior  conjunction. 

314.  Apparmit  mmUan  of  the  pUuMt.  —  The  effects  of  the 
combination  of  the  orbital  motions  of  the  planet  and  the  earth  upon 
the  apparent  place  of  the  planet  wiU  now  be  easOj  comprehended. 

Since  the  mean  value  of  the  greatest  elongation  m^  s  8= 22^^. 
the  arc  mm"  =671**  and  therefore  m"mm"  =  67j°  X  2=135**. 

The  times  of  the  greatest  elonga- 
tions east  and  west  therefore  divide 
the  whole  synodic  period  into  two 
unequal  parts,  in  one  of  which, 
that  from  the  greatest  elongation 
eiist  through  inferior  conjunction 
to  the  greatest  elongation  west, 
the  planet  gtiins  upon  the  earth 
135°;  and  in  the  other,  that  from 
tlie  greatest  elongation  west, 
through  superior  conjunction  to 
the  greatest  elongation  east,  it 
gains  360°— 1 35°=  225°.  Since 
the  parts  into  which  the  synodic 
period  is  thus  divided  are  pi-opor- 
tional  to  these  angles,  they  will 
be  (taking  the  synodic  period  in 
I     round  numbers  as  1 1 6  days), 


t  ij{.  55- 


111 
300 

3^0 


X    116  =  43i  days. 
X    1 16  =  72J  days. 


And  since  the  former  interval  is  divided  equally  by  the  epoch  of 
inferior,  and  the  latter  by  the  epoch  of  superior,  conjunction,  it 
foUowiy  that  the  intervals  between  inferior  conjunction  and  greatest 


Mfljst. 


XVI. 


June  tt. 


BOT^R  SPOTS  0B8EBVED  BY  PASTORTF,  IHM- 


Z2L2: 


-i^zr?:  — Xi3:mT 


'X- 


LIk— •-   iCil   'Tic 


Tie  AJTifs    -^    i-rTr=— S  lie  Trn>^  ^r  ▼Oii.-i  Tic  XJCr?  -s-  *~-=?   3li^. 

•IV3IU  T  lat?  -jL^-ir::.:ii:i*  t  -ai?  zrcis  >j'nL  if  sk  limat^  too.  "at 
4ar3.  HIT  ■i--»f^  71  "i^^r  ir  lie  Tutcirr  5  mr.  "r^Lia.  >•  5j2iziiii5aiiA, 

-^uuttx.  OL lie  •aim  2  iiiff  nT*-?"!!.  ]«^z«£  :i»  ^  -nsT  aaruic  "'ttuti 

Tmruiii   I*   *^  zrm  iir-   -oa    -r-iiiut    i^    ^•"■i   TTua.   •^r.'iix 
si^pt^ik'init  T.  la  m  n-.nnt  n  .r  ui*  'ir  i_'    !■>  «^ji  z^m  11-  --^rzL, 


e:mr'':i.iij*  ni  .•r  li"  .tirnnif?  r^nii^r  .Tjfrv  hw-  «..  "ae  b-o^nizaiiwn 
■if  ti**  T»  ^rj  »:    r  sr^tr.^y^  ur:nr»iir  iciciniK-*  *  yTSj-^-iar  -  ziol— 

n  n*^  mil  --r*  T-rii  'ii-  sLii.  tciL  J*  .n."  "jr-rr^fir  n  "iir:    a,"  im^ 

1^  *_ut  *-l:i  f  -^1".  liM  V  .L-ii  c  1.'.':-^:  u.-  1  "Uii:  "^--j-.-r!;.""  'n»-'3 
rrv.kLji  :•-  }•-.*;.■.! J-  '».  — r  _■*.  .'_*  ".1--  r^-'.r.-fr  tu  rirvi:  "tl  ▼■:«*! 
T.  -»  1.4-'-:-   r   .T  111  ••  --rni  ■•-:  1-  u.  '^:  il:  •rr-r'-i.  -     .  -n...  i?:::. 


TJL-  * : '.  "  :i-  -»:" 


V  :..  :_    1    V  ---  • 


i-   I;:--    I—.:      v;:. 


196 


ASTRONOMY. 


visible,  and  there  it  is  more  conspicuous^  owing  to  the  dioit 
duration  of  twilight. 

316.  Apparent  diameter  —  its  meaa  aad  extreme  valmea. 

—  Owing  to  the  variation  of  the  planet^s  distance  from  the  earth, 
its  apparent  diameter  is  subject  to  a  corresponding  change.  At  its 
greatest  distance  its  apparent  diameter  is  4}'^,  and  at  its  leant 
distance  1 1  Y%  its  value  at  the  mean  distance  being  6^'^. 

The  apparent  diameter  of  the  moon  being  familiar  to  every  eye 
supplies  a  convenient  and  instructive  comparison  by  which  the 
apparent  magnitudes  of  other  objects  may  be  indicated,  and  we 
shall  refer  to  it  frequently  for  that  purpose.  The  disk  of  the  full 
Aioon  subtends  an  angle  of  1 800''  to  the  eye.  It  follows,  therefore, 
that  the  apparent  diiuneter  of  Mercuiy  when  it  appears  as  a  thin 
crescent  near  inferior  conjunction  is  about  the  i  50th  part,  near  the 
greatest  elongation  it  is  the  280th  part,  and  near  superior  con- 
junction the  400th  part  of  the  apparent  diameter  of  the  moon. 

317.  Seal  diameter. — The  real  diameter  has  been  assumed, 
from  some  recent  measures,  to  be  about  3058  miles. 

318.  Volume. — Assuming  that  the  diameter  of  Mercury  equals 
3058  miles,  it  follows  that  its  volume  would  amount  to  about  the 
1 9th  part  of  that  of  the  earth. 

The  relative  volumes  are  i-epreseuted  by  M  and  E,^.  56. 

3 1 9.  Mass  and  density. — Some  un- 
certainty has  hitherto  attended  the  cal- 
culation of  the  density  and  mass  of  this 
planet,  owing  to  the  absence  of  a  satel- 
lite. The  disturbances  produced  by  it 
upon  the  motion  of  Encke's  comet  (a 
body  which  will  be  described  in  another 
chapter)  have,  however,  supplied  the 
means  of  a  closer  approximation  to  it.  By  this  means  it  has  been 
found  that  if  m'  express  the  mass  of  the  planet,  and  K  that  of  the 
earth,  we  shall  have 

M'_   100 
M  ""1545' 

80  that  the  mass  is  1 5^  times  less  than  that  of  the  earth. 

The  density  of  the  planet  relatively  to  that  of  the  earth,  deter- 
mined from  the  above,  would  equal  1  'zo.  Other  estimates  make 
it  ri2.  So  that  it  may  be  inferred  that  the  density  of  Mercury 
exceeds  that  of  the  earth  by  an  eighth  to  a  fifth ;  this  i-esult  is, 
however,  problematicaL 

320.  Solar  liffbt  and  beat. — The  apparent  magnitndo  of  the 
sun  is  greater  than  upon  the  earth,  in  the  same  ratio  as  the  distance 
is  less ;  and  owing  to  the  considerable  ellipticity  of  Mercury  *8  orbit, 


Fig.  56. 
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it  hjis  apparent  magnitudes  sensibly  different  in  different  Jparts  of 
Mercury's  year.    The  apparent  mean  diameter  of  the  sun  as  seen 


fit?.  57- 


Fig.  58. 


from  the  eaiih  being  32'  4'^,  its  apparent  diameter  seen  from 
Mercury  will  be  in  perihelion  I04'*3,  in  aphelion  68'7,  and  at 
mean  distance  Sz''g, 

Thus  the  apparent  diameter  when  least,  is  twice^  and  when 
greatest,  thiexs  times,  that  which  the  sun  appears  from  the  earth 
when  at  its  mean  magnitude. 

In^s,  57,  58,  the  relative  apparent  magnitudes  of  the  sun,  as 
seen  from  the  earth  and  from  Mercury,  at  the  mean  distance  and 
extreme  distances,  are  represented  at  £,  )c,  h',  and  h'^  If  e  be 
supposed  to  represent  the  apparent  disk  of  the  sun  as  seen  from  the 
earth,  H  will  represent  it  as  it  appears  to  Mercury  at  the  mean 
distance,  m '  at  aphelion  and  m'^  at  perihelion. 

Since  the  illuminating  and  heating  power  of  the  sun^s  rays, 
whatever  be  the  physical  condition  of  the  surface  of  the  planet, 
must  vary  in  the  same  proportion  as  the  apparent  area  of  the  sun's 
disk,  it  follows,  that  the  light  and  warmth  produced  by  the  sun  on 
the  surface  of  the  planet  will  be  greater  in  perihelion  than  in  aphe- 
lion, in  the  ratio  of  9  to  4,  and,  consequently,  there  must  be  a  suc- 
cession of  seasons  on  this  planet,  depending  exclusively  on  the 
ellipticity  of  the  orbit,  and  having  no  relation  to  the  direction  of  its 
axis  of  rotation  or  the  position  of  the  plane  of  its  Equator  with 
relation  to  that  of  its  orbit.  The  passage  of  the  planet  through  its 
perihelion  must  produce  a  summer,  and  its  passage  throug^h  aphe- 
lion a  winter,  the  mean  temperature  of  the  former,  ceteris  parihuSy 
being  above  twice  that  of  the  latter. 

If  the  axis  of  the  planet  be  inclined  to  the  plane  of  its  orbit, 
another  succession  of  seasons  will  be  produced,  dependent  on  such 
inclination  and  the  position  of  the  equinoxial  points.  If  these  points 
coincide  with  the  apsides  of  the  orbit,  the  summers  and  winters 
arising  from  both  wvuses  will  either  respectively  coincide,  or  the 
summer  from  each  cause  will  coincide  with  the  winter  from  the 
other.  In  the  former  case  the  intensities  of  the  seasons  and  their 
extreme  temperatures  will  be  augmented,  by  the  coincidence,  and 
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in  the  latter  thej  wiU  be  mitigated,  the  summer  heat  from  each 
cause  tempering  the  winter  cold  from  the  other. 

If,  on  the  other  hand,  the  line  of  apsides  be  at  right  angles  to 
the  direction  of  the  equinoxes,  the  summer  and  winter  from  each 
cause  will  correspond  with  the  spring  and  autumn  from  the  other, 
and  a  curious  and  complicated  succession  of  seasons  must  ensue, 
depending  on  the  degree  of  obliquity  of  the  axis  of  the  planet, 
compared  with  the  effects  of  the  excentricity  of  its  orbit. 

In  comparing  the  calorific  infiuence  of  the  sun  on  Mercuiy  and 
the  earth,  it  must  be  remembered  that  the  actual  temperature  pro- 
duced by  the  solar  rays,  depends  on  the  density  of  the  atmosphere 
through  which  they  pass,  by  which  the  heat  is  collected  and 
diffused.  The  density  of  the  sun's  rays  above  the  snow-line  in  the 
tropics  is  as  great  as  at  the  level  (.f  the  sen,,  but  the  temperatures  of 
the  air  and  surrounding  objects  are  extremely  different  Notwith- 
standing, therefore,  the  greater  density  of  the  solar  rays,  the  atmo- 
spheric conditions  of  the  planet  may  bo  such  that  the  superficial 
temperature  may  not  be  different  from  that  of  the  earth. 

The  intensity  of  the  solar  light  must  be  greater  than  at  the  earth 
in  the  ratio  of  four  to  one  when  the  planet  is  in  aphelion,  and  nine 
to  one  when  in  perihelion.  It«  effects  on  vision,  however,  may  be 
rendered  the  same  by  the  mere  adaptation  of  the  contractile  power 
of  the  pupil  of  the  eye.     (0.  362.) 

321.  Method  of  asoertaininiT  the  diurnal  rotation  of  the 
planets. — One  of  the  most  interesting  objects  of  telescopic  inquiry 
regarding  the  condition  of  the  planets  is,  the  question  as  to  their 
diurnal  rotation.  In  general,  the  manner  in  which  we  should  seek 
to  ascertaiu  this  fact  would  be,  by  examining  with  powerful  tele- 
scopes the  marks  observable  upon  the  disk  of  the  planet.  If  the 
planet  revolve  upon  an  axis,  these  marks,  being  carried  round  with 
it,  would  appear  to  move  across  the  disk,  from  one  side  to  the  other ; 
they  would  disappear  on  one  side,  and,  remaining  for  a  time 
inWsible,  would  reappear  on  the  other,  passing,  as  before,  across  the 
visible  disk.  Let  any  one  stand  at  a  distance  from  a  common  ter- 
restrial globe,  and  let  it  be  made  to  revolve  upon  its  axis :  the  spec- 
tator will  see  the  geographical  marks  delineated  on  it,  pass  across 
the  hemisphere  which  is  turned  towards  him.  They  will  suc- 
cessively disappear  and  reappeai.  The  same  effects  must,  of  course, 
be  expected  to  be  seen  upon  the  several  planets,  if  they  have  a 
motion  of  rotation  resembling  the  diurnal  motion  of  our  globe. 

322.  BlAonlty  of  this  question  in  the  ease  of  Mercury. — 
This  is  a  species  of  observation  which  has  not  yet  been  successfully 
made  in  the  case  of  Mercury.  Sir  John  Herschel,  who  has  enjoyed 
more  than  common  advantages  for  telescopic  observation  under  dif- 
ferent climates,  affirms,  that  little  more  can  be  certainly  afiirmed  of 
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Mercury  than  that  it  is  globular  in  form,  and  exhibits  pbaaes,  and  that 
it  is  too  small  and  too  much  lost  in  the  constant  and  close  eflulgence 
ot  the  eun  to  allow  the  further  discoveiy  of  its  physical  condition. 
Other  observers,  however,  claim  the  discoveiy  of  indications  not 
only  q£  rotation  but  other  physical  characters.  Schroter  says,  that 
by  examining  daily  the  appearance  of  the  cusps  of  the  crescent,  he 
asceitained  that  it  has  a  motion  of  rotation  in  24**  5"*  28'. 

323.  Alleged  dlsooTerj  of  moantalns. —  The  same  observer 
claims  the  discovery  of  mountains  on  Mercury,  and  even  assigns 
their  height,  estimating  one  at  2132  yards,  and  another  at  1 8,978 
yards. 

These  observations,  not  having  been  confirmed,  must  be  con- 
sidered apocryphal. 

IIL  VBNxre. 

324.  Period. — The  next  planet  proceeding  outwards  ^m  the 
Run  is  Venus,  which  revolves  in  an  orbit  within  that  of  the  earth, 
and  which,  after  the  sun  and  moon,  is  the  most  splendid  object  in 
the  firmament 

The  synodic  period,  ascertained  by  observation,  is  5  84  days.  Her 
mean  sidei-eal  period  deduced  from  this  is,  therefore,  225  days. 

By  other  methods  it  is  more  exactly  determined  to  be  2247 
days. 

If  the  earth's  period  be  taken  as  the  unit,  that  of  Venus  will, 
therefore,  be  0*6125. 

325.  Mean  and  extreme  dietanoes  firom  tbe  sun  and 
eartli.  —  The  distances  of  Venus  from  the  earth  at  inferior  con- 
j unction,  greatest  elongation,  and  superior  conjunction,  are  about 

25,296,000  miles  at  inferior  conjunction, 
62,500  000  miles  at  greatest  elongation, 
1 57,564,000  miles  at  superior  conjunction. 

The  excentricity  of  its  orbit  being  less  than  0*007,  these  distances 
f^om  the  earth  are  subject  to  very  little  variation  from  that  cause. 
The  extreme  distance  of  the  planet  from  the  sun  is 

65^  millions  of  miles  in  perihelion,  and 
66^  „  „  aphelion. 

The  distances  of  Venus  from  the  earth  are  subject  therefore  to  an 
increase  and  diminution,  amounting  to  half  a  million  of  miles,  due 
to  the  excentricity  of  the  planet's  orbit,  and  one  and  a  half  million 
of  miles  due  to  that  of  the  earth's  orbit. 

326.  Greatest  elongrAtlon. — The  mean  amount  of  the  greatest 
elonjration  of  Venus  has  been  found  by  observation  to  be  about  45° 
or  46°. 
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327.  0€al«oftlMotMtr«Uittve  totHAtoftlMeaniu*— Th^ 

relation  of  the  orbit  of  Veniu  to  the  earth  is  represented  in^.  59, 
where  8 e  represents  the  earth*s  distance  from  the  son,  and  vBv  the 
mean  diamiUer  of  the  planet^s  orbit  on  the  same  scale.  The  angles 
8  E  t/^  represent  the  greatest  elongation  of  the  planet,  which  is  about 
^6^.  The  lesser  elongations  1/''  eb  are  those  at  which  the  planet 
appears  with  less  than  a  full  disk,  or  gibbous,  as  at  1/'',  or  as  a 
crescent,  as  at  7/, 

328.  Apparent  rnotton. — Since  the  mean  value  of  the  greatest 
elongation  is  ascertained  to  be  46°,  the  angle  at  the  sun,  v''  s  £  » 
44**,  and  consequently  the  angle  t/'sr",  included  between  the 
greatest  elongations  east  and  west,  is  88°.  Since  the  time  taken 
by  the  planet  to  gain  this  angle  upon  the  earth  bears  the  same  ratio 
to  the  synodic  period  an  this  angle  bears  to  360°,  the  inter^'als  into 
which  the  synodic  period  is  divided  by  the  epochs  of  greatest  elon- 
gation, are 


88 
360 
272 
360 


X   584  =  142*8  days. 
X   584.  =  441*2  days. 


The  inter>'als  between  inferior  conjunction  and  greatest  elonga- 
tion ai-e  therefore  71 J  duvH,  and  the  inter\'als  between  superior 

conjunction  and  greatest  elon- 
gation are  220^  days. 

329.  Stations  and  retro- 
gression.—  From  a  compari- 
srm  of  the  orbital  motions  and 
distmces  of  the  earth  and 
])hinet,  it  is  found  that  the 
epochs  at  which  it  is  stationary 
me  about  twenty-one  days  be- 
fore and  after  inferior  conjunc- 
tion. Now,  since  the  planet 
gains  ©''•6125  per  day  upon  the 
earth,  this  interval  corresponds 
to  an  angle  of  12° -9  at  the 
Sim,  which  corresponds  to  an 
elongation  of  about  2  5®  or  26^ 

The  arc  of  retrogression  is 
little  less  than  a  degree. 

330.  Conditions  wliioli 
IkTOur  the  observation  of  Venns. — This  planet  presents  itself 
to  the  obser%er  under  conditions  in  many  respects  more  favourable 
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for  telescopic  examination  than  Mercury.  The  actual  diameter 
of  Venus  is  more  than  twice  that  of  Mercuiy.  It  approaches 
uearer  to  the  earth  in  the  inferior  part  of  its  orbit  in  the  ratio  of 
1 3  to  30.  It  elongates  itself  from  the  sun  to  the  distance  of  46°, 
while  the  elongation  of  Mercuiy  is  limited  to  22j°.  The  latter  is 
never  seen,  except  in  strong  twilight.  Venus,  especially  in  the 
lower  latitudes,  is  seen  at  a  considerable  elcTation  long  after  the 
cessation  of  evening  and  before  the  commencement  of  morning 
twilight,  and  when  she  has  a  gibbous  or  a  crescent  phase.  The 
planet  appears  brightest  when  its  elongation  is  about  40®  in  the 
superior  part  of  her  orbit 

331.  BTeniniT  and  mominff  star. — Xiaoifer  nad  Kespems. 
—  This  planet  for  these  reasons  is,  next  to  the  sun  and  moon,  the 
most  conspicuous  and  beautiful  object  in  the  firmament  When  it 
has  western  elongation,  it  rises  before  the  sun,  and  is  called  the 
MORNING  STAR.  When  it  has  eastern  elongation,  it  sets  after  the 
sun,  and  is  cfdled  the  eyenino  star. 

The  ancients  gave  it  in  the  former  position,  the  name  of  Lucifer 
(the  harbinger  of  day),  and  in  the  latter  that  of  Hesperus. 

332.  Apparent  diameter.  —  Owing  to  the  great  ditference 
between  its  distance  from  the  earth  at  inferior  and  superior 
conjunctions,  the  apparent  diameter  of  this  planet  varies  in  magni- 
tude within  >vide  limits.  At  superior  conjunction  it  is  only  to", 
from  whicli  to  inferior  conjunction  it  gi*adually  enlarges  until  it 
becomes  62",  and  in  some  positions  even  so  much  as  76".  At  its 
greatest  elongation  its  apparent  diameter  is  about  25'^,  aud  at  its 
mean  distance  1 6^". 

333.  BilBcaltles  attendinir  the  telesoopio  obserratton  of 
Venus.  —  Notwithstanding  this,  the  greatest  difficulties  have 
attended  the  telescopic  observation  of  this  planet  when  any  special 
accuracy  is  required.  Its  intense  lustre  dazzles  the  eye,  and  ag- 
gravates all  the  optical  imperfections  of  the  instrument.  In  some 
cases,  however,  the  image  of  the  planet  is  improved  and  the  great 
lustre  destroyed,  if  a  slightly  green-coloured  glass  be  placed  before 
the  eye-glass  of  the  telescope,  in  a  similar  manner  as  darkened 
glasses  are  used  for  observations  of  the  sun. 

The  low  altitudes  at  which  the  observations  are  generally  made, 
constitute  another  difficulty,  the  irregular  effects  of  refnu^*ion 
interfering  materially  with  the  appearance.  Some  observers  have 
consequently  contended  that  the  best  position  for  observations 
upon  it,  is  near  superior  conjunction,  when  its  phase  is  full,  and 
when  by  proper  expedients  it  may  be  observed  at  midday  within 
a  few  degrees  of  the  sun's  disk. 

The  planet  can,  however,  be  favourably  observed  with  a  moderately 
good  telescope,  about  the  time  of  greatest  elongation*  during  any 
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part  of  the  day  within  the  limits  of  three  hours  before  and  after 
the  meridian  passage^  hy  tfUcing  the  precaution  of  using  the  slightly 
coloured  glass  previously  mentioned. 

334.  Seal  diameter.  —  The  linear  value  of  i'^  at  Venus,  when 
she  appears  as  a  thin  crescent  near  her  inferior  conjunction,  is 
1 22'6  miles.  At  this  distance  her  apparent  diameter  IsSi";  and 
her  real  diameter  ahout  7510  miles.  The  magnitude  of  Venus  is, 
therefore,  nearly  equal  to  that  of  the  earth. 

335.  Mass  and  density. — By  the  methods  already  explained, 
it  has  hecn  ascertained  that  the  mass  of  Venus  is  less  than  that 
of  the  earth  in  the  ratio  of  89  to  100 :  and  as  the  volumes  are 
nearly  equal,  their  densities  are  also  nearly  equal. 

336.  Snperfloial  rraTity.  —  All  the  conditions  which  affect 
the  gravity  of  hodies  on  the  surface  of  Venus  being  the  same,  or 
nearly  so,  as  those  which  aflect  bodies  on  the  earth,  the  superficial 
gravity  is  nearly  the  same. 

337.  Solar  lifflit  and  heat.  — The  density  of  the  solar  rays  is 
greater  than  upon  the  earth  in  the  inverse  ratio  of  the  squares  of 
the  numbei-s  7  and  10,  which  express  their  distance-s  from  the  sun. 
The  intensity  is,  therefore,  greater  at  Venus  in  the  ratio  of  2  to  i . 

The  relative  apparent  magnitudes  of  the  sun's  disk  at  Venus  and 
the  earth  are  represented  at  v  and  E,^,  60.     Owing  to  the  very 

small  excentricity  of  the  orbit, 
this  magnitude  is  not  subject' 
to  any  very  sensible  variation. 
338.  notation  —  pro- 
Fig.  te.  bable  monntains.  —  Al- 
though there  is  vorj*  little 
doubt  of  the  fact  that  this  planet  has  a  diurnal  rotation  analogous 
to  that  of  the  earth,  the  observations  which  might  have  been  ex- 
pected to  demonstrate  it  in  a  satisfacton'  manner  have  been 
obstructed  by  the  causes  already  noticed  (^33).  Nevertheless 
Cassini,  in  the  1 7th  century,  and  Schroter  towards  the  close  of 
the  1 8th,  with  instruments  very  inferior  to  the  telescopes  of  the 
present  day,  deduced  from  the  phases  a  period  of  rotation  in 
complete  accordance  with  the  results  of  the  most  recent  obser- 
vations. 

These  astronomers  found  that  the  points  of  the  Iioms  of  the 
crescent  observed  between  inferior  conjunction  and  greatest 
elrmgation,  appeared  at  certain  momenta  to  lose  their  sharpness,  and 
to  become  as  it  were  blimted.  This  appearance  was,  h<»wever,  of 
very  short  duration,  the  horn  after  some  minutes  always  recovering 
its  sliarpness.  Such  an  effect  woidd  obviously  be  produced  by  a 
local  irregularity  of  surface  on  the  planet,  such  as  a  lofty  moimtain 
which  would  throw  a  long  shadow  over  that  part  of  the  surface 
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which  would  form  the  point  of  the  horn.  Now,  admitting  this  to 
be  the  cause  of  the  phenomenon,  it  ought  to  be  reproduced  by  tlie 
same  mountain  at  equal  intervals,  this  interval  being  the  time  of 
rotation  of  the  planet  Such  a  periodical  recurrence  was  iiccord- 
inglv  ascertained. 

339.  Obserrattoiis  of  OM)«liii«  WLmrmoUoi^  Mid  S^irotor.  — 
From  such  observations  the  elder  Cassini,  so  early  as  1667,  inferred 
the  time  of  rotation  of  the  planet  to  be  23**  16",  a  period  not  very 
different  from  that  of  the  earth.  Soon  after  this,  Bianchini,  an 
Italian  astronomer,  published  a  series  of  observations  tending  to 
call  in  doubt  the  result  obtained  by  Cassini,  and  showing  a  period 
of  576  hours.  Sir  .William  Herschel  resumed  the  subject;  aided 
by  his  powerful  telescopes,  in  1780,  but  without  arrivhig  at  any 
satisfactoiy  result,  except  the  fact  that  the  planet  is  invested  with 
a  very  dense  atmosphere.  He  found  the  cusps  (contrary  to  the 
observations  of  Cassini,  and,  as  we  shall  see,  of  more  recent  astro- 
nomers) always  sharp,  and  free  from  irregularities.  Schr5ter  made 
a  serie«  of  most  elaborate  observations  on  this  planet,  with  a  view 
to  the  determination  of  its  rotation.  He  considered  not  only  that 
he  saw  periodical  changes  in  the  form  of  the  points  of  the  horns, 
but  also  spots,  which  had  sufficient  permanency  to  supply  satisfactory 
indications  of  rotation.  Fi-om  such  obser\'ations  he  inferred  the 
time  of  rotation  to  be  23^  21"  7"*98.  From  observations  upon 
the  homs,  he  inferred  also  that  the  southern  hemisphere  of  the 
planet  was  more  mountainous  than  the  northern ;  and  he  attempted 
from  observations  on  the  bhmtness  periodically  produced  on  the 
southern  point  of  the  crescent,  to  estimate  the  height  of  some  of  the 
mountains,  which  he  inferred  to  amount  to  the  almost  incredible 
altitude  of  twenty-two  miles. 

340.  Observations  of  MM.  Beer  and  Madler.  —  Time  of 
rotation. — Although  the  estimate  of  the  planet's  rotation  resulting 
from  the  observations  of  Schroter,  corroborating  those  of  Cassini, 
has  been  generally  accepted  by  the  srientitio  world,  the  question  was 
not  regarded  as  definitively  settled ;  and  a  series  of  observations  was 
made  by  MM.  Beer  and  Madler,  between  1833  and  1836,  which 
went  far  to  confirm  the  conclusions  of  Cassini  and  Schroter ;  and 
the  still  more  recent  observations  of  De  Vico  at  Rome  may  be 
considered  as  removing  all  doubt  that  the  period  of  the  planet's 
rotation  does  not  vary  much  from  23i^ 

341.  Beer  and  Madler*s  diagrams  of  Venns.  —  In  ^.  61, 
are  represented  a  series  of  eighteen  diagrams  of  the  planet,  selected 
from  a  much  greater  number  made  by  MM.  Beer  and  Madler  at  the 
dates  indicated  above.  These  drawings  were  taken  when  the 
planet  was  approaching  inferior  conjunction,  the  planet  being 
observed  either  before  sunset  or  during  twilight. 
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If  the  surface  of  the  planet  were  exempt  from  considerable 
inequalities,  the  concave  edge  of  the  crescent  would  be  a  sensible 
ellipse,  subject  to  no  other  deficiency  of  perfect  regularity  and 
sharpness,  save  such  as  might  be  explained  by  the  gradual  faintness 

I  3  5  7  9  11  13  15  17 


4(<((I4U 


<((<(l<<( 


10 

Fig.  6i. 


12 


14 


16 


18 


of  illumination  due  to  the  atmosphere  of  Venus.  The  mere 
inspection  of  the  diagrams  is  enough  to  show  that  such  is  not  the 
appearance  of  the  disk.  Irregularities  of  curvature  and  of  the  forms 
of  the  cusps  are  apparent,  which  can  only  arise  from  corresponding 
irregidarities  of  the  surface  of  the  planet.  If  the  want  of  sharpness 
in  the  horns  of  the  crescent  arose  from  any  effect  produced  by  the 
terrestrial  atmosphere  on  the  optical  image  of  the  disk  it  would 
equally  affect  both  cusps.  Several  of  the  diagrams,  for  example 
Jiys,  I.  2,  3,  7,  8,  1  9,  17,  are  at  variance  with  such  an  hypothesis, 
the  cusps  being  obviously  different  in  fonn. 

In  corroboration  of  the  observations  of  Schroter,  it  was  ascer- 
tained that  the  southern  cusp  was  subject  to  greater  and  more 
frequent  changes  of  form  tlian  the  uoi-them,  fi-om  which  it  was 
inferred  that  the  southern  hemisphere  of  the  planet  is  the  more 
mountainous.  It  is  remarkable  that  the  same  character  is  found 
to  prevail  on  the  moon. 

It  was  not  only  observed  that  the  irregularities  of  the  concave 
edge  of  the  crescent  were  subject  to  a  change  visible  from  5"  to 
5%  but  that  the  same  fonns  were  reproduced  after  an  interval 
of  2 3  J**,  subject  to  an  error  not  exceeding  from  5  to  10  minutes. 

342.  More  recent  obserratloBs  of  Be  Vice. —  M.  De  Vico, 
observing  at  a  still  later  date  at  Home,  favoured  by  the  clear  sky 
of  Italy,  made  several  thousand  measurements  of  the  planet  in  its 
phases,  the  general  result  of  which  is  in  such  complete  accordance 
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with  those  of  MM.  Beer  and  Madler/that  ihe  fact  of  the  planet's* 
rotation  may  be  now  regarded  as  satisfactorily*  demonstrated,  and- 
that  its  period  does  not  differ  much  from  23"  i  )***. 

343.  BIreotloB  of  the  axis  of  rotatton  muweertained. —  If 

such  difficulties  have  attended  the  mere  determination  of  the 
rotation,  it  will  be  easily  conceived  that  those  which  have  at- 
tended the  attempts  to  ascertain  the  direction  of  the  axis  of 
rotation  have  been  much  more  insurmountable.  The  observations 
above  described,  by  which  the  rotation  has  been  established, 
supply  no  ground  by  which  the  direction  of  the  axis  could  be 
ascertained.  No  spot  has  been  seen,  the  direction  of  whose  motion 
could  indicate  that  of  the  axis.  It  was  conjectured,  with  little 
probability,  by  some  observers,  that  the  axis  was  inclined  to  the 
orbit  at  the  angle  of  75^  This  conjecture,  however,  has  not  been 
confirmed. 

344.  TwUifflit  OB  VoBus  and  Merenir. —  The  existence  of 
an  extensive  twilight  in  these  planets  hajs  been  well  ascertained. 
By  observing  the  concave  edge  of  the  crescen^  which  corresponds 
to  the  boundary  of  the  illuminated  and  dark  hemispheres,  it  is 
found  that  the  enlightened  portion  does  not  terminate  suddenly, 
but  there  is  a  gradual  fading  away  of  the  light  into  the  darkness, 
produced  by  the  band  of  atmosphere  illuminated  by  the  sun  which 
overhangs  a  part  of  the  dark  hemisphere,  and  produces  upon  it  the 
phenomena  of  twilight. 

Some  observers  have  seen  on  the  dark  hemisphere  of  the  planet 
Venus  a  faint  reddish  and  greyish  light,  visible  on  parts  too  distant 
from  the  illuminated  hemisphere  to  be  produced  by  the  light  of 
the  sun.  It  was  conjectured  that  these  effects  are  indications  of 
the  play  of  some  atmospheric  phenomena  in  this  planet  similar  to 
the  aurora  borealis. 

It  may  be  stated  generally,  that  so  far  as  relates  to  the  physical 
condition  of  the  inferior  planets,  the  whole  extent  of  our  certain 
knowledge  of  them  is,  that  they  are  globes  like  the  earth,  illu- 
minated and  warmed  by  the  sun;  that  they  are  invested  with 
atmospheres  probably  more  dense  than  that  of  the  eai-th ;  and  since 
observations  render  probable  the  existence  of  vast  masses  of  clouds 
on  Venus,  if  not  on  Mercury,  analogy  justifies  the  inference  that 
liquids  exist  on  these  planets. 

345.  Bplieroidal  form  luiasoertaiBed — suspected  satellite. 
—  One  of  the  phenomena  from  which  the  rotation,  as  well  as  the 
direction  of  the  axis,  might  be  inferred,  is  the  spheroidal  form  of 
the  planet.  To  ascertain  this  by  observations  of  the  disk,  it  would 
be  necessary  to  see  the  planet  with  a  full  phase.  But  when  the 
inferior  planets  have  that  phase,  they  are  near  superior  conjunction, 
and  therefore  lost  in  the  solar  light.    It  has  been  nevertheless 
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contended,  that  when  Venus  is  most  remote  from  her  node,  she  it 
sufficiently  removed  from  the  plane  of  the  ecliptic  to  be  observed 
with  a  good  telescope  at  noon  when  in  superior  conjunction.  No. 
observation,  however,  of  this  kind  has  ever  yet  been  made,  and  the 
spheroidal  form  of  the  planet  is  unascertained. 

This  planet  was  obsen-ed  with  the  transit-circle  at  the  Boyal 
Observatoiy,  Greenwich,  on  the  19th  of  February,  1858,  when 
veiy  near  superior  conjunction,  the  interval  of  time  between  the 
passages  of  the  planet  and  sun  over  the  meridian  being  less  than 
six  minutes.    The  image  of  Venus  was,  however,  veiy  tremulous. 

Several  observers  of  the  last  two  centuries  concurred  in  main- 
taining that  they  had  seen  a  satellite  of  Venus.  Cassini,  the  elder, 
imagined  he  saw  such  a  body  near  the  planet  on  the  25th  of 
January,  1 672,  and  again  on  the  27th  of  August,  1686  ;  Short,  the 
well-known  optical  instrument  maker,  on  the  3rd  of  November, 
1740 ;  Montaigne,  the  French  astronomer,  in  May,  1761 ;  several 
observers  in  March,  1 764,  all  agree  in  reporting  observations  of 
such  a  body.  In  each  case  the  phase  was  similar  to  that  of  Venus, 
and  the  apparent  diameter  about  a  fourth  of  that  of  the  pUnet  By 
collecting  these  observations,  Lambert  computed  the  orbit  of  the 
supposed  satellite. 

In  opposition  to  all  this,  it  may  be  stated  that  notwithstanding 
the  immense  improvement  in  optical  instruments,  and  especially 
In  the  construction  of  telescopes  of  power  far  surpassing  any  of 
which  the  observers  before  the  present  century  were  in  possession, 
no  trace  of  such  a  body  has  been  detected,  although  observers  have 
increased  in  number,  activity,  and  vigilance,  in  a  proportion 
greater  still  than  that  of  the  improvement  of  telescopes.  It  must, 
therefore,  be  concluded,  at  least  for  the  present,  that  the  suppoi>ed 
appearances  recorded  by  former  observers  were  illusive. 

IV.  Mars. 

346.  Position  In  the  system.  —  Proceeding  outwai*ds  from  the 
sun,  the  next  planet  in  the  order  of  distance  is  the  eaitli.  The 
next  in  succession  is  M.vbs,  whose  orbit  circumscribes  that  of  the 
earth. 

347.  Period. —  The  8}Tiodic  period  of  Mars  is  found  by  observa- 
tion to  be  780  days,  and  the  sidereal  period  686*98  days. 

The  earth *s  period  being  taken  as  the  unit,  the  period  of  Mars 
will  therefore  be  i  -88 1 . 

348.  Mean  Oistance  Arom  the  son. — The  mean  distance  of 
Mni-3  from  the  sun  is  1*5237,  that  of  the  earth  being  unity ;  or  in. 
round  numbers  about  139  iiiillious  of  miles. 

349.  asLoentrioity  —  mean  and  extreme  distances  flrom  the 
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SOB  and  eartli. —  The  excentricity  of  the  orbit  of  Mars  being 
about  0093 3,  the  distance  from  the  sun  is  sul^ect  to  a  variation, 
the  extreme  amount  of  which  is  less  than  one-tenth  of  its  mean 
vaiue.     The  extreme  distances  are 

i^zi  millions  of  miles  in  aphelion^ 
1 26^  millions  of  miles  in  perihelion. 

It  appears,  therefore,  that  the  mean  distances  of  the  planet  from 
the  earth  are 

In  opposition     -        -      47}  millions  of  miles. 

In  conjunction  -        -     2 30 J  millions  of  miles, 

-    In  quadrature  -        -     104    millions  of  miles, 

These  distances  are  subject  to  variation,  whose  extreme  limit 
is  about  1 5  millions  of  miles,  owing  to  the  combined  effects  of  the 
excentricities  of  the  two  orbits.  Although  the  mean  distance  of 
the  planet  in  opposition  from  the  earth  is  about  half  the  distance 
of  the  sun,  it  may  in  certain  positions  of  the  orbit  come  withili  a 
distance  of  3  5  hundredths  of  the  aim's  distance.  In  the  opposition 
which  took  place  in  September,  1 830,  the  distance  of  the  planet 
was  only  3  8  hundredths  of  the  sun's  mean  distance. 

350.  Scale  of  orbit  relatlTely  to  tbat  of  the  eartli. —  If  s, 
J!f/,  62,  represent  the  position  of  the  sun,  and  8  3t  the  distance  of 

Mar?,  the  orbit  of  the  earth  will  be  represented  by  E  i/'k'  'e'. 

351.  BlTlsionoftlie 
synodic  period. — The 
earth  is  at  e"'  when 
Mars  is  in  conjunction, 
at  e'  when  in  quadrature 
west  of  the  sun,  at  E 
when  in  opposition,  and 
at  e"  when  in  quadrature 
e&st  of  the  sun. 

The  angle  of  elonga- 
tion 8  E'M  being  90°, 
and  the  mean  value  of 
8  M  being  1*52,  that  of 
8  e'  being  expressed  by 
I,  it  follows  that  the 
an^le  e'sm  will  be  about 
48°, and  therefore e'se" 
=  i8o°-48°=i32^ 

Since  the  synodic  pe- 
riod is  780  days,  the 
mean  time  between  qua- 
drature and  opposition 
w^  be 
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^   X  780  =  104  davs; 
300 

Rnd  the  mean  time  between  quadrature  and  conjunction  will  be 
^4^  X   780  =  286  days. 

3  52.  Apparent  motton. — The  various  changes  of  the  apparent 
positions  of  the  planet  and  sun  during  the  synodic  period  may, 
therefore,  be  easily  explained.  At  conjunction  the  earth  being  at 
E'",  the  planet  and  sun  pass  the  meridian  together.  In  ^this  case, 
the  planet  being  above  the  horizon  onl^  during  the  day,  is  not 
visible.  After  conjunction,  the'  planet  passes  thel  nieridikn  in  the 
forenoon,  and  is  therefore  visible  above  the  eastern  horizon  before 
simrise.  Before  conjunction  it  passes  the  meridian  in  the  after- 
noon, and  is  therefore  visible  above  the  western  horizon  after 
sunset. 

At  the  time  of  the  western  quadrature,  the  earth  being  at  e',  the 
planet  passes  the  meridian  about  6  a.m.,  and  at  the  time  of  western 
quadrature,  the  earth  being  at  e'',  it  passes  the  meridian  about  6  p.m. 
The  planet  has  these  positions  about  286  days,  more  or  less,  after 
and  before  its  conjunction. 

At  the  time  of  opposition,  the  earth  being  at  £,  the  planet  passes 
the  meridian  at  midnight ;  and  is  therefore  above  the  horizon  from 
sunset  till  sunrise.  Before  opposition  it  passes  the  meridian  before 
midnight,  and  is  above  the  horizon  chiefly  during  the  later  part  of 
the  night,  and  after  opposition  it  passes  the  meridian  after  mid- 
night, and  is  therefore  above  the  horizon  chiefly  during  the  earlier 
part  of  the  night. 

The  interval  during  which  it  is  visible  more  or  less  in  the 
absence  of  the  sun,  being  that  duiing  which  it  passes  from  western 
to  eastern  quadi'ature  through  opposition  is,  in  the  case  of  Mars, 
208  days. 

353.  Stations  and  retroiTMision. — The  elongations  at  which 
Mars  is  stationary,  and  the  lengths  of  his  arc  of  retrogression,  varj' 
to  some  extent  with  the  distances  of  the  planet  from  the  sun  and 
earth,  which  distances  depend  on  the  ellipticity  of  the  two  orbits, 
and  the  direction  of  their  major  axes.  In  i860,  Mars  was  in 
opposition  on  the  17  th  of  July,  and  was  stationary  on  the  17  th  of 
June  and  1 8th  of  August.    The  right  ascension  on  these  days  was, 

17th  of  June    .    R.A.         =  20**  13""  49" 

l8th  of  August     B.A.         =  19    27    19 

Difference    =  46    30 

It  follows,  therefore,  that  the  extent  of  retrogression  in  right 
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ascension  at  this  opposition  was  46"  30%  which  reduced  to  angular 
magnitude  is  1 1"*  37'  30". 

354.  Vliasea. — At  opposition  and  conjunction  the  same  hemi- 
sphere being  turned  to  the  earth  and  sun,  the  planet  appears  with 
a  full  phase.  In  all  other  positions  the  lines  drawn  from  the  planet 
to  the  earth  and  sun,  making  with  each  other  an  acute  an^le  of 
greater  or  less  magnitude,  the  phase  will  be  deficient  of  complete 
fulness,  and  the  planet  will  be  gibbous,  more  so  the  nearer  it  is  to 
its  quadrature,  in  which  position  the  lines  drawn  to  the  earth  and 
sun  make  the  greatest  possible  angle,  which  being  the  complement 
of  e'  8  'hi,  Jig.  62,  will  be  90**— 48''=42°.  Of  the  entire  hemisphere 
presented  to  the  earth,  138**  will  therefore  bo  enlightened  and  42** 
dark.  The  corresponding  form  of  the  disk,  as  can  easily  be  deduced 
from  the  common  principles  of  projection,  will  be  that  which  is  re- 
presented in^.  63,  the  dark  part  being  indicated  by  the  dotted  line. 

The  gibbosity  will  be  less,  the  nearer  the  planet  approacbes  to 
opposition  or  conjunction. 

355.  Apparent  and  r«al  Otametar. — The  apparent  diameter 
of  Mars  in  opposition  varies  between  rather  wide  limits,  in  conse- 
quence of  the  variation  of  its  distance  from  the  earth  in  that 
position,  arising  from  the  causes  explained  above.  When  at  its 
mean  distance  at  opposition  the  apparent 

magnitude  does  not  exceed  16",  and  at  con- 
junction it  is  reduced  to  3  "'7. 

In  1830,  soon  after  opposition,  when  its 
distance  from  the  earth  was  38*4  millions 
of  miles,  it  exhibited  a  diameter  of  23^"; 
the  linear  value  of  i"  at  that  distance  being 
1857  miles,  which  gives  for  the  real  diameter 
4363  miles. 

356.  Solar  llffht  and  heat*  — The  meau 
distance  of  the  earth  from  the  suu  being 
less  than  that  of  Mars  in  the  ratio  of  10  to  15,  the  apparent  dia- 
meter of  the  sun  as  seen  from  Mars  will  be  less  than  its  diameter 
HS  seen  from  the  earth  in  the  snme  ratio.  If  T.,Jig.  64,  represent 
the  apparent  disk  of  the 
sun  as  seen  fram  the 
earth,  M  will  represent 
its  apparent  disk  as  seen 
from  Mars. 

Since   the   density   of 
the  solar  radiation   de- 
creases as  the  square  of 
the  distance  increases,  its  density  at  Mai-s  will  be  less  than  at  the 
earth  in  the  ratio  of  4  to  9. 
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So  far  as  the  illuminating  and  heating  powers  of  the  solar  rays 
depend  on  their  density,  they  will,  therefore^  be  less  in  the  same 
proportion. 

357.  SotatioB.— There  is  no  body  of  the  solar  system,  the 
moon  alone  excepted,  which  has  been  submitted  to  such  rigorous 
and  successful  telescopic  examination  as  Mars.  Its  proximity 
to  the  earth  in  opposition,  when  it  is  seen  on  the  meridian  at 
midnight  with  a  full  phase,  affords  great  facility  for  this  kind  of 
observation. 

By  observing  the  permanent  lineaments  of  light  and  shade 
exhibited  by  the  disk,  its  rotation  on  its  axis  can  be  distinctly 
seen,  and  has  been  ascertained  to  take  place  in  24**  37"  23% 
the  axis  on  which  it  revolves  appearing  to  be  inclined  to  the 
plane  of  the  planet's  orbit  at  an  angle  of  28°  27'.  The  exact 
direction  of  the  axis  is,  however,  still  subject  to  some  imcer- 
tainty. 

358.  Bays  and  niirlits.  —  It  thus  appears  that  the  days  and 
nights  in  Mars  are  nearly  the  same  as  on  the  earth,  that  the  year 
is  diversified  by  seasons,  and  the  surface  of  the  planet  by  zones 
and  climates  not  very  different  from  those  which  prevail  on  our 
globe.  The  tropics,  instead  of  being  23°  28',  are  28®  27'  from 
the  equator,  and  the  polar  circles  are  in  the  same  proportion  more 
extended. 

359.  Seasons  and  climates. — The  year  consists  of  668  Mar- 
tial days  and  1 6  hours,  the  Martial  being  longer  than  the  terrestrial 
day  in  the  ratio  of  1 00  to  97. 

Owing  to  the  excentricity  of  the  planet's  orbit,  the  simimer  on  the 
northern  hemisphere  is  shorter  than  on  the  southern  in  the  ratio  of 
100  to  79,  but  owing  to  the  greater  proximity  of  the  sun,  the 
intensity  of  its  light  and  heat  during  the  shorter  northern  summer 
is  greater  than  during  the  longer  southern  summer  in  the  ratio  of 
145  to  100.  From  the  same  causes,  the  longer  northern  winter 
is  less  inclement  than  the  shorter  southern  winter  in  the  same 
proportion. 

There  is  thus  a  complete  compensation  in  both  seasons  in  the 
two  hemispheres. 

The  duration  of  the  seasons  in  Martial  days  in  the  northern 
hemisphere  is  as  follows : — spring  192,  summer  1 80,  autumn  i  50, 
winter  147. 

360.  Observations  and  researches  of  Messrs.  Beer  and 
Miidler. —  It  is  mainly  to  the  persevering  labours  of  these  eminent 
observers  that  we  are  indebted  for  all  the  physical  information  we 
possess  respecting  the  condition  of  the  surface  of  this  planet. 
Their  observations,  commenced  at  an  early  epoch,  were  regulai-ly 
organised  at  the  time  of  the  opposition  of  183O;  with  a  view  to 
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ascertAm  with  certainiy  and  precision  the  time  of  rotation  of  the 
planet,  the  position  of  its  axis,  and,  so  far  as  might  he  practicable, 
a  survey  of  its  surface.  These  ohservations  have  heen  continued 
during  every  succeeding  opposition,  in  which  the  planet  having 
northern  declination  rose  to  a  sufficient  altitude,  and  was  made 
visible  by  a  telescope  by  Fraunhofer  of  four  and  a  half  feet  focal 
length,  parallactically  mounted,  and  moved  by  clockwork,  so  as  to 
keep  the  planet  in  the  field  of  view  notwithstanding  the  diurnal 
motion  of  the  earth. 

361.  Areoffraplilo  cliaraeter. — That  many  of  the  lineaments 
observed  are  areographic,  and  not  atmospheric,  is  established  be- 
yond all  contestation  by  their  permanency.  They  are  not  always 
visible,  and  when  visible  not  always  equally  distinct;  but  are 
observed  to  retain  the  same  forms,  no  matter  how  distant  may  be 
the  intervals  at  which  they  may  be  submitted  to  examination. 
The  elaborate  researches  and  observations  of  MM.  Beer  and  Madler, 
which  commenced  with  the  opposition  of  1 830,  were  continued 
with  unwearied  assiduity  in  every  succeeding  opposition  of  the 
planet  for  twelve  years,  so  far  as  the  varying  declination  and  the 
state  of  the  weather  at  the  epochs  of  the  oppositions  permitted. 
The  same  spots,  characterised  by  the  same  forms,  and  the  same 
varieties  of  light  and  sliade,  were  seen  again  and  again  in  each 
succeeding  opposition.  Changes  of  appearance  were  manifest,  but 
through  those  changes  the  permanent  features  of  the  planet  were 
always  discerned;  just  as  the  seas  and  continents  of  the  earth  may 
be  imagined  to  be  distinguishable  through  the  occasional  openings 
in  the  clouds  of  our  atmosphere  by  a  telescopic  obser\'er  stationed 
on  Man. 

362.  Telescopic  views  of  Mars — areorraplilc  charts  of  tbe 
two  hemisplieres. — A  large  collection  of  drawings  of  the  various 
hemispheres  of  Mars  presented  to  the  observer  has  been  made  by 
MM.  Beer  and  Madler.  Thirty-five  were  made  during  the  oppo- 
sition of  1830,  upwards  of  thirty  during  that  of  1837,  and  forty 
diuring  that  of  1 841,  Irom  a  comparison  of  which,  charts  were 
made,  showing  the  permanent  areographic  lineaments  of  the 
northern  and  southern  hemispheres. 

In  Plate  XVII.  we  have  given  six  views,  selected  from  those 
of  Beer  and  Madler,  with  the  dates  subjoined.  In  Plate  XVIII. 
are  given  the  areographic  charts  of  the  two  hemispheres.  It  will 
be  ^observed,  that  as  each  spot  approaches  the  edge  of  the  disk,  its 
apparent  form  is  modified  by  the  effect  of  foreshortening,  owing  to 
the  obliquity  of  the  sm-face  of  the  planet  to  the  visual  ray. 

363.  Polar  snow  observed. —  All  the  lineaments  exhibited  in 
these  drawings  were  found  to  be  pennanent,  except  the  reniai-kable 
white  spots  which  cover  the  polar  regions.    These  circular  areas 
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presented  the  appearance  of  a  dazzling  whiteness,  and  one  of  them 
was  80  exactly  defined  and  so  sharply  terminated,  that  it  seemed 
like  the  full  disk  of  a  small  and  veiy  hrilliant  planet  projected 
upon  the  disk,  and  near  the  edge  of  a  larger  and  darker  one.  The 
appearance,  position,  and  changes  of  these  white  polar  spots  have 
suggested  to  all  the  observers  who  have  witnessed  them,  the  sup- 
position that  they  proceed  from  the  polar  snows  accumulated 
during  the  long  winter,  and  which,  during  the  equally  protracted 
summer  by  exposure  to  the  solar  rays,  more  full  by  7"^  than  at  the 
poles  of  the  earth,  are  partially  dissolved,  so  that  the  diameter  of 
the  snow  circle  is  diminished. 

The  increase  and  diminution  of  this  white  circle  takes  place  at 
epochs  and  in  positions  of  the  axis  of  the  planet  such  as  are  in 
complete  accordance  with  this  supposition. 

364.  Vosltlon  of  areorrapliio  meridians  determined. — The 
leg  and  foot-shaped  spot  marked  pnin  the  southern  hemisphere, 
was  distinctly  seen  and  delineated  in  all  the  oppositions.  This  was 
one  of  the  spots  from  the  apparent  motion  of  which  the  time  of  rota- 
tion was  deduced. 

The  spot  a  in  the  southern  hemisphere  connected  with  a  large 
adjacent  spot  by  a  sinuous  line,  was  also  one  of  those  whose  posi- 
tion was  most  satisfactonly  established.  This  spot  was  selected,  as 
the  observatory  of  Greenwich  has  been  upon  the  earth,  to  mark  the 
meridian  from  which  longitudes  are  reckoned. 

The  spot  efhf  chiefly  situate  in  the  southern,  but  projecting  into 
the  northern  hemisphere,  between  the  90th  and  105th  degrees  of 
longitude,  was  also  well  observed  on  repeated  occasions. 

According  to  Madler,  the  reddish  parts  of  the  disk  are  chiefly 
those  which  correspond  to  40°  long,  and  15®  lat.  S. 

The  two  concentric  dotted  circles  marked  round  the  south  pole, 
indicate  the  limits  of  the  white  polar  spot  as  seen  on  different  occa- 
sions in  1 830  and  1837.  The  redness  of  this  planet  is  much  more 
remarkable  to  the  naked  eye  than  when  viewed  with  the  telescope. 
In  some  cases,  during  the  observations  of  MM.  Beer  and  Madler,  no 
redness  was  discoverable,  and  when  it  was  perceived  it  was  so  faint 
that  different  observers  at  the  same  moment  were  not  agreed  as  to 
its  existence.  It  was  found  that  the  prevailing  colour  of  the  spots 
was  generally  yellow  rather  than  red. 

Independently  of  any  effect  which  could  be  ascribed  to  projection 
or  foreshortening,  it  was  found  that  the  lineaments  were  always 
seen  with  much  greater  distinctness  near  the  centre  of  the  disk 
than  towards  its  borders.  This  is  precisely  the  effect  which  might 
bo  expected  from  a  dense  atmosphere  surroimding  the  planet. 

365.  Possible  satellite  of  Mars.  —  Analogy  naturally  suggests 
the  probability  that  the  planet  Mars  might  have  a  moon.    These 
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attendants  appear  to  be  supplied  to  the  planets  in  augmented 
numbera  as  they  recede  from  the  sim ;  and  if  this  analogy  were 
complete,  it  would  justify  the  inference  that  Mars  must  at  least  have 
one,  being  more  remote  from  the  sun  than  the  earth,  which  is  sup- 
plied with  a  satellite.  No  moon  has  ever  been  discovered  in  con- 
nection with  Mars.  It  has,  however,  been  contended  that  we  are 
not  therefore  to  conclude  that  the  planet  is  destitute  of  such  an 
appendage ;  for  as  all  secondary  planets  are  much  less  than  their 
primaries,  and  as  Mars  is  by  far  the  smallest  of  the  superior  planets, 
its  satellite,  if  such  existed,  must  be  extremely  small.  The  second 
satellite  of  Jupiter  is  only  the  forty»third  part  of  the  diameter  of  the 
planet ;  and  a  satellite  which  would  only  be  the  forty-third  part  of 
the  diameter  of  Mars,  would  be  under  one  hundred  miles  in  dia- 
meter. Such  an  object  could  scarcely  be  discovered  even  by  power- 
ful telescopes,  especially  if  it  do  not  recede  far  from  the  disk  of  the 
planet 

The  fact  that  one  of  the  satellites  of  Saturn  has  been  discovered 
only  within  the  last  few  years,  renders  it  not  altogether  improbable 
that  a  satellite  of  Mars  may  yet  be  discovered. 


CHAPTER  XV. 
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366.  A  vacant  place  in  tbe  planetary  scries. — At  a  very 
early  epoch  in  the  progress  of  astronomy  it  was  observed  that  the 
progression  of  the  distances  of  the  planets  from  the  sun  was  cha- 
racterised by  a  remarkable  numerical  hannony,  in  which  neverthe- 
less a  breach  of  continuity  existed  between  Mors  and  Jupiter. 
This  arithmetical  progression  was  first  loosely  noticed  by  Kepler, 
but  it  was  not  until  towards  the  close  of  the  lost  century,  that  the 
more  exact  conditions  of  the  law  and  the  close  degree  of  approxi- 
mation with  which  it  was  fulfilled,  with  the  exception  just  noticed, 
was  fully  explained. 

This  numerical  relation  prevails  between  the  distances  of  the 
successive  orbits  of  the  other  planets  measured  from  that  of  the 
planet  Mercury.  It  was  observed  that  such  distances  fonned  very 
nearly  a  series  in  duple  progression,  so  that  each  distance  is  twice 
the  preceding  one,  with  the  sole  exception  already  mentioned. 
Although  this  law  is  not  fulfilled,  like  those  of  Kepler,  with  nume- 
rical precision,  there  is  nevertheless  so  striking  an  approximation  to 
it,  as  to  produce  a  strong  impiession  that  it  must  be  founded  upon 
some  physical  cause,  and  not  merely  accidentaL    To  show  th&  \y^Ax 
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approximation  to  the  exact  fulfilment  of  this  law,  we  have  placed 
in  the  following  table  the  succession  of  calculated  distances  from 
Mercury's  orbit,  which  will  exactly  fulfil  the  law,  in  juxtaposition 
with  the  actual  distances  of  the  planetsy  the  earth's  distance  from 
the  sun  being  the  unit 


Mercury. 

MrrcuTf. 

Venus      .... 
KHrth       -           -           -           - 
Mars        .... 
Absent  planet     ... 
Jupiter    .           -           -           . 
Saturn     -          -           -           . 
Uranus    .           •          .           • 

OJ561 
0-6714 

'M 

5J79» 
XI  5166 

OJJ61 

11366 

4-8157 
01518 
187955 

By  comparing  these  nimibers,  it  will  be  apparent  that  although 
the  succession  of  distances  does  not  correspond  precisely  with  a 
numerical  series  in  duple  progression,  there  is  nevertheless  a  certain 
approach  to  such  a  series,  and  at  all  events,  a  glaring  breach  of 
continuity  between  Mars  and  Jupiter. 

Towards  the  close  of  the  last  century,  Professor  Bode,  of  Berlin, 
revived  this  question  of  a  deficient  planet,  and  gave  the  numerical 
progression  which  indicated  its  absence  in  the  form  in  which  it  has 
just  been  stated ;  and  an  association  of  astronomers  was  formed 
imder  the  auspices  of  the  celebrated  Baron  de  Zach,  of  Gotha,  for 
the  express  purpose  of  organising  and  prosecuting  a  course  of  obser- 
vation, with  the  special  purpose  of  searching  for  the  supposed 
undiscovered  member  of  the  solar  system.  The  very  remarkable 
i-esults  which  have  followed  this  measure,  the  consequences  of  which 
have  not  even  yet  been  fully  developed,  will  presently  be  ap- 
parent. 

367.  nucovery  of  Ceres.  (J) — On  the  I  st  of  January,  180I', 
being  the  first  day  of  the  present  centmy,  Professor  Piazzi,  observing 
in  the  fine  serene  sky  of  Palermo,  noticed  a  small  object  of  about 
the  7th  or  8th  magnitude  which  was  not  registered  in  the  cata- 
logues of  stars.  On  the  night  of  the  znd,  on  again  observing  it, 
he  found  that  its  position  relative  to  the  surrounding  stars  was 
sensibly  changed.  The  object  appearing  to  be  invested  with  a  ne- 
bulous haze,  was  first  considered  a  comet,  and  M.  Piazzi  announced 
it  as  such  to  the  scientific  world.  An  approximate  orbit  being 
however  computed  by  Professor  Gauss,  of  Gottingen,  it  was  found  to 
have  a  period  of  1652  days,  and  a  mean  distance  from  the  sun  ex- 
pressed by  2735,  that  of  the  earth  being  i. 

By  comparing  this  distance  with  that  given  in  the  preceding  table, 
at  which  a  planet  was  presumed  to  be  absent,  it  will  be  seen  that 
the  object  thus  discovered  filled  the  place  with  striking  arithmetical 
precision. 
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IMazzi  gave  to  this  new  member  of  the  system  the  name  Ceres. 

The  eidereal  periods  and  mean  distances  from  the  sun  of  the 
planetoids,  determined  from  the  most  yecent  elements^  will  be 
found  in  the  concluding  chapter. 

368.  nuoovery  of  Pallas.  © — Soon  after  the  discovery  of 
Ceres  the  planet  passing  into  conjunction  ceased  to  be  viAible.  In 
searching  for  it  af.er  emerging  from  the  sun^s  rays,  in  March  1802, 
Dr.  Olbers  noticed  on  the  28th  a  small  star  in  the  constellation  of 
Virgo,  at  a  place  which  he  had  examined  in  the  two  preceding 
months,  and  where  he  knew  that  no  such  object  was  ^A«n  apparent. 
It  appeared  as  a  star  of  about  the  seventh  magnitude,  the  smallest 
which  is  visible  without  a  telescope.  In  the  course  of  a  few  hours  he 
found  its  position  visibly  changed  iif  relation  to  the  surrounding  stars. 
In  fact'the  object  proved  to  be  another  planet  bearing  a  striking 
analogy  to  Ceres,  and  what  was  then  totally  unprecedented  in  the 
system,  moving  in  an  orbit  at  very  nearly  the  same  mean  distance 
from  the  sun,  and  having  therefore  nearly  the  same  period. 

Dr.  Olbers  called  this  planet  Pallas. 

The  magnitude  of  Pallas  when  in  that  portion  of  its  orbit  where 
its  distance  from  tlie  earth  is  the  greatest,  is  very  minute ;  and  is 
"only  visible  with  the  assistance  of  telescopes  furnished  with  object- 
glasses  of  considerable  apertiu^. 

369.  Olbers*  hypothesis  of  a  flractnred  planet. — This  cir- 
cumstance, combined  with  the  exceptional  minuteness  of  these  two 
planets,  suggested  to  Olbers  the  startling,  and  then,  as  it  must  have 
appeared,  extravagantly  improbable  hypothesis,  that  a  single  planet 
of  the  ordinary  magnitude  existed  formerly  at  the  distance  indi- 
cated by  Bode*s  analogy, — that  it  was  broken  into  small  fragments 
either  by  internal  explosion  from  some  cause  analogous  to  volcanic 
action,  or  by  collision  with  a  comet, — that  Ceres  and  Pallas  were 
two  of  its  fragments,  and  that  it  was  very  likely  that  many  other 
fragments,  smaller  still,  were  revolving  in  similar  orbits,  many  of 
which  might  reward  the  labour  of  future  observers  who  might  direct 
their  attention  to  these  regions  of  the  firmament. 

In  support  of  this  curious  conjecture  it  was  urged  that  in  the  case 
of  such  a  catastrophe  as  was  involved  in  the  supposition,  the 
fi-agmentfl,  according  to  the  established  laws  of  physics,  would  ne- 
cessarily continue  to  revolve  in  orbits  not  differing  much  in  their 
mean  distances  from  that  of  the  original  planet ;  that  the  obliquities 
of  the  orbits  to  each  other  and  to  that  of  the  original  planet  might 
be  subject  to  a  wider  limit ;  that  the  excentricities  might  also  have 
exceptional  magnitudes ;  and,  finally,  that  such  bodies  might  be 
expected  to  have  magnitudes  so  indefinitely  minute  as  to  be  out  of 
all  analogy  or  comparison,  not  only  with  the  other  primary  planets, 
but  even  with  the  smallest  of  the  secondary  ones. 
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Ceres  and  Pallas  both  were  so  small  as  to  elude  all  attempts  to 
estimate  their  diameters^  real  or  apparent.  They  appeared  like 
stellar  points  vrith  no  appreciable  disk,  but  suiroimded  with  a 
nebulous  haziness,  which  would  have  rendered  very  uncertain  any 
measurement  of  nn  object  so  minute.  Sir  W.  Herschel  thought 
that  Pallas  did  not  exceed  75  miles  in  diameter.  Others  have 
admitted  that  it  might  measure  a  few  hundred  miles.  Ceres  is 
still  smaller.  Some  of  the  most  minute  of  these  bodies  which  have 
been  more  recently  discovered,  are  supposed  to  be  only  a  few  miles 
in  diameter. 

The  obliquity  of  the  orbit  of  Ceres  to  the  plane  of  the  ecliptic  is 
above  loj®  and  that  of  Pallas  more  than  34^°.  Both  planets 
therefore,  when  most  remote  from  the  ecliptic,  pass  far  beyond  the 
limits  of  the  zodiac,  and  differ  in  obliquity  from  each  other  by 
a  quantity  far  exceeding  the  entire  inclination  of  any  of  the  older 
planets. 

It  was  further  observed  by  Dr.  Olbers,  that  at  a  point  near  the 
descending  node  of  Pallas  the  orbits  of  the  two  planets  very  nearly 
coincided. 

Thus  it  appeared  that  all  the  conditions  which  rendered  these 
bodies  exceptional,  and  in  which  they  differed  from  the  other 
members  of  the  solar  system,  were  precisely  those  which  were 
consistent  with  the  hypothesis  of  their  origin  advanced  by  Dr. 
Olbers. 

370.  BUeovery  of  Juno.  © — A  year  and  a  half  elapsed  before 
any  further  discovery  was  produced  to  favour  this  hypothesis. 
Meanwhile  obsefrvers  did  not  relax  their  zeal  and  their  labours,  and  on 
the  1st  of  September,  1804,  at  ten  o'clock  P.  M.,  Professor  Harding, 
of  Lilienthal,  Germany,  discovered  another  minute  planet,  which 
observation  soon  proved  to  agree  in  nil  its  essential  conditions  with 
the  hjrpothesis  of  Olbers,  having  a  mean  distance  very  nearly  equal 
to  those  of  Ceres  and  Pallas,  an  exceptional  obliquity  of  1 3°,  and 
a  considerable  excentricity. 

This  planet  was  named  Juxo. 

Juno  has  the  appearance  of  a  star  of  the  8th  magnitude,  when 
in  the  most  favourable  position  of  its  orbit  for  observation,  and  is 
of  a  reddish  colour.  It  was  discovered  with  a  very  ordinary 
telescope  of  30  inches  focai  length  and  2  inches  aperture. 

371.  BUooTery  of  v««ta.  © — On  the  29th  of  March,  1807, 
Dr.  Olbers  discoi-ered  another  planet  under  circumstances  precisely 
similar  to  those  already  related  in  the.  cases  of  the  former  dis- 
coveries. The  name  Vesta  was  given  to  this  planet,  which,  in  its 
minute  magnitude  and  the  character  of  its  orbit,  was  analogous  to 
Ceres,  I 'alias,  and  Juno. 

Vesta  is  the  brightest  and  apparently  the  largest  of  all  this 
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group  of  planets^  and  when  in  opposition,  appears  as  a  star  of  the 
seventh  magnitude,  and  may  be  sometimes  distinguished  by  good 
and  practised  eyes  without  a  telescope.  Observers  differ  in  their 
impressions  of  the  colour  of  this  planet.  Harding  and  other  Ger- 
man obseiTcrs  consider  her  to  be  reddish  ;  others  contend  that  she 
is  perfectly  white.  Mr.  Hind  says  that  he  has  repeatedly  examined 
her  under  various  powers,  and  always  received  the  impression  of  a 
pale  yellowish  cast  in  her  light. 

372.  niscoTery  of  tlie  otber  Planetelds. — The  labours  of 
the  observers  of  the  beginning  of  the  century  having  been  now 
prosecuted  for  some  years  without  further  results,  were  discontinued, 
and  it  is  probable  that  but  for  the  admirable  chaiia  of  the  stars 
which  have  been  since  published,  no  other  members  of  this  remark- 
able group  of  planets  would  have  been  discovered.  These  charts, 
however,  containing  all  the  stars  up  to  the  9th  or  i  oth  magnitude, 
included  within  a  zone  of  the  firmament  30°  in  width,  extending 
to  1 5^  on  each  side  of  the  celestial  equator,  supplied  so  important 
and  obvious  an  instrument  of  research,  that  the  subject  was  again 
resumed  with  a  better  prospect  of  successful  results.  It  was  only 
necessary  for  the  observer,  map  in  hand,  to  examine,  degree  by 
degree,  tht;  zone  within  which  such  bodies  are  known  to  move, 
and  to  compare,  star  by  star,  the  heavens  "viath  the  map.  When 
a  star  is  observed  which  is  not  marked  on  the  map,  it  is  watched 
from  hour  to  hour,  and  fi-om  night  to  night,  though,  in  general, 
obsen^ations  made  at  intervals  of  a  few  hours  are  sufficient  to 
detect  its  planetary  nature,  provided  the  suspected  object  be  a 
planet.  If  it  do  not  change  its  position  it  must  be  inferred  that  it 
has  been  omitted  in  the  construction  of  the  map,  and  it  is  marked 
upon  it  in  its  proper  place.  If  it  change  its  position  it  must  be 
inferred  to  be  a  planet,  and  its  orbit  is  then  calculated  as  soon  as 
the  required  number  of  observations  are  made,  which  are  necesi*ary 
for  the  determination  of  its  elements. 

The  mean  distances  from  the  sun  of  all  the  planetoids  place 
them,  without  exception,  between  the  orbits  of  Mars  and  Jupiter, 
and  their  minuteness  of  volume,  and  the  very  variable  obliquities 
and  excentricities  of  their  orbits,  cause  them  all  to  resemble  the 
first  four  discovered  in  the  beginning  of  the  century,  and,  therefore^ 
in  complete  accordance  with  the  conditions  mentioned  in  the 
curious  hypothesis  of  Dr.  Olbers,  regarding  the  possibility  of  a 
fractured  planet  (369). 

Astr<pa  ©.  —  By  the  means  already  explained,  M.  Hencke,  an 
amateur  observer  residing  at  Driessen  in  Prussia,  discovered  on  the 
8th  of  December,  1845,  another  of  these  small  planets,  which  has 
been  named  Astraea. 

The  discovery  of  this  planet  created  considerable  excitement 
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amongst  HBtronomers,  no  addition  to  the  known  planetary  STstem 
having  taken  place  since  Vesta  was  discovered  in  1 807.  It  appears 
that  M.  Ilencke,  though  not  a  pi'ofessionnl  astronomer,  had  availed 
himself  for  about  fifteen  years  of  the  Berlin  charts,  which  included 
stars  down  to  the  9th  magnitude  situated  in  that  part  of  the 
heavens  in  which  the  small  planets  are  generally  found.  A  por- 
tion of  these  charts  was  published,  consisting  of  about  two-thirds 
of  the  hours  of  right  ascension,  including  1 5°  north  and  south 
declination.  All  honour  should  be  given  to  the  authors  of  these 
valuable  results  of  astronomical  research,  as  without  them  we 
might  probably  not  have  known  of  the  existence  of  the  numerous 
bodies  which  form  the  main  subject  of  the  present  chapter. 

On  the  evening  of  the  8th  of  December,  1845,  M.  Hencke, 
while  examining  a  portion  of  the  heavens  in  the  fourth  hour  of 
right  ascen3ion,  noticed  a  star  of  the  ninth  magnitude,  which  had 
no  appearance  in  the  chart ;  from  his  familiarity  with  that  part  of 
the  heavens,  he  felt  assured  that  the  star  was  never  previously  in 
that  position.  He  communicated  hia  suspicions  of  the  discovery  of 
a  new  planet  to  M.  Encke  and  M.  Schumacher,  who,  after  having 
confirmed  the  discovery  from  observations  made  at  Berlin  and 
Altona,  announced  publicly  to  the  astronomicAl  world  this  inter- 
esting addition  to  the  list  of  planetoids. 

Though  discovered  by  optical  means  of  no  great  power,  and  by 
an  amateur  observer,  whose  habits  of  business  would  lead  him  to 
other  pursuits,  this  addition  of  Astrsea  to  the  planetoid  group  was 
regarded  by  astronomers  as  one  of  very  great  importance,  as  it 
proved  that  these  small  bodies  were  not  confined  to  the  four 
already  discovei-cd,  and  that  there  was  every  reason  to  believe  that 
a  systematic  search  would  reveal  many  more.  This  supposition 
has  been  verified  in  a  rem  nrk able  de<?ree. 

Astrnea  shines,  when  in  its  most  favourable  position,  as  a  star  of 
the  ninth  magnitude,  but  at  other  times  its  faintness  prevents  any 
observation,  unless  the  observer  be  pi-ovided  with  an  instrument 
with  an  object-glass  of  considerable  aperture. 

Hebe  (9). —  On  the  1st  of  July,  1 847,  M.  Hencke  was  again 
rewarded  for  his  devotion  by  the  discovery  of  Hebe.  It  first 
appeared  of  the  ninth  magnitude,  but  speedily  became  fainter,  and 
was  generally  visible  as  a  ruddy  star  of  the  tenth  magnitude. 

The  maximum  magnitude  of  this  planet  is  about  the  seventh  or 
eijj'hth,  and  the  minimum,  the  eleventh. 

Ins  ©. —  Mr.  Hind  is  the  principal  English  astronomer  who 
has  devoted  much  attention  to  this  branch  of  astronomical  dis- 
covery, and  can  claim  the  honour  of  being  the  discoverer  of  ten  of 
these  minute  objects.  Mr.  Hind,  since  the  latter  part  of  1 844,  has 
directed  the  private  obsenratory  of  Mr.  Bishop,  in  the  Regent's 
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Park,  and  afterwards  at  Twickenham,  where  he  has  also  enriched 
science  in  other  branches  of  astronomical  research. 

Iris  was  discovered  on  the  evening  of  the  13  th  of  August,  1847  ; 
a  systematic  examination  of  the  heavens  having  been  commenced 
some  months  previously.  Whilst  scrutinising  the  heavens  in  the 
vicinity  of  63  Sagittarii,  Mr.  Hind  noticed  a  star  of  the  eighth 
magnitude,  which  had  escaped  observation  at  any  former  time. 
An  hour  was  sufficient  to  show  its  planetary  nature,  its  position 
having  retrograded,  with  respect  to  other  stars,  two  seconds  in  that 
interval  of  time. 

The  maximum  brilliancy  of  Iris  is  about  the  eighth  magnitude, 
decreasing  in  other  positions  of  its  orbit  to  the  tenth. 

Flora  0« —  This  planet  was  also  discovered  by  Mr.  Hind.  On 
the  1 8th  of  October,  1 847,  he  noticed  a  star  of  the  eighth  or  ninth 
magnitude,  in  a  position  in  which  it  was  never  previously  visible. 
Confirmation  of  the  discovery  was  not  obtained  for  some  hours  in 
consequence  of  cloudy  weather,  but  on  the  igth  at  3**  A.M.,  an 
inter\'al  of  four  hours  showed  that  the  position  of  the  object  had 
changed  in  a  direct  motion  about  two  seconds  of  time.  This 
alteration  was  sufficient  to  assure  the  observer  of  its  planetary 
nature. 

The  magnitude  of  Flora  varies  fn)m  the  eighth  or  ninth  to  about 
the  eleventh,  according  to  its  distance  from  the  earth.  When 
favourably  seen,  Mr.  Hind  has  fancied  he  could  perceive  a  mea- 
surable disk,  but  he  cannot  place  implicit  confidence  in  the 
observations. 

Metis  0.  —  The  next  planet  in  order  of  discovery  is  due  to  Mr. 
Graham,  assistant  at  the  private  observatory  of  Markree  Castle, 
Ireland,  under  the  direction  of  Mr.  Cooper.  Metis  was  found,  like 
those  preceding,  by  noticing  the  appearance  of  an  object  which  was 
not  recorded  in  the  chart  which  was  being  compared  with  the 
corresponding  part  of  the  heavens.  On  the  2  5th  of  April,  1 848, 
a  star  was  suspected,  and  was  noted  down  for  re-examination. 
On  the  succeeding  evening  it  was  found  to  have  retrograded  one 
minute  and  its  planetary  nature  established.  When  detected,  the 
planet  was  of  the  tenth  magnitude ;  in  more  favourable  positions  its 
appearance  increases  considerably  in  brightness. 

Hi/geia@. —  The  zeal  for  astronomical  discovery  could  not  be 
supposed  to  remain  in  northern  latitudes  without  drawing  the 
attention  of  astronomers  in  the  south  of  Europe,  who  are,  fortu- 
nately for  this  purpose,  accustomed  to  a  clearer  atmosphere  tlian  is 
generally  found  in  England  or  Germany.  M.  de  Gasparis  of  Naples 
was  the  fii'st  to  enter  the  field,  by  the  discovery  of  Hygeia  on  the 
1 2th  of  April,  1849.  M.  de  Gasparis  was  comparing  the  heavens 
with  Steinheirs  map,  in  the  twelfth  hour  of  right  ascension,  when 
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he  detected  this  planet  as  an  object  of  the  ninth  or  tenth  magnitude. 
Owing  to  cloudy  weather  he  was  unable  to  confirm  his  discovery 
till  the  14th;  but  on  that  day  his  observations  showed  a  sensible 
change  of  position,  and  that  the  suspected  object  formed  one  of  the 
group  of  planetoids. 

The  magnitude  of  Hygeia  varies  from  the  ninth  to  the  eleventh. 

Parihenope  0.  —  When  Hygeia  was  discovered,  Sir  John 
llerschel  suggested  that  the  name  of  Parthenope  would  have  been 
appropriate,  since  the  ancient  name  of  Naples  was  derived  from 
that  nymph ;  M.  de  Gasparis,  therefore,  used  every  exertion  to  cany 
out  Sir  John  HerschePs  proposition,  and  was  successful  on  the  1  itli 
of  May,  1850,  thus  realising,  as  he  states,  a  "Parthenope"  in  the 
heavens.  From  its  alteration  of  position,  the  planetary  nature  of 
the  object  was  soon  ascertained. 

At  the  time  of  discovery,  Parthenope  shone  as  a  star  of  the 
ninth  magnitude;  in  imfavourable  seasons,  its  lustre  is  little 
brighter  than  the  twelfth. 

Victoria  ©.  —  On  the  13th  of  September,  1850,  Mr.  Hind 
noticed  a  star  of  the  eighth  magnitude,  with  a  bluish  light.  From 
its  appearance,  his  suspicions  were  aroused  that  the  object  was 
another  planet.  It  was  situated  near  a  small  star  which  had  been 
frequently  noticed,  without  having  for  a  companion  such  a  bright 
object.  In  less  than  an  hour,  the  blighter  star  luvX  retrograded  two 
seconds  of  time  ;  its  identity  as  a  planet  was  therefore  established. 

Though  Victoria,  when  first  noticed,  appeared  of  the  eighth 
magnitude,  yet  at  some  subsequent  oppositions,  no  instrument  unless 
of  supeiior  penetrating  power  was  able  to  distinguish  it.  Its  mean 
opposition  magnitude  is,  however,  rather  brighter  than  the  tenth. 

The  name  of  Victoria  was  formerly  objected  to  by  American 
astronomers  on  the  ground  of  its  departure  from  the  rule  of  select- 
ing female  classical  divinities ;  and  also  from  an  idea  that  it  was 
not  desirable  to  encourage  names  given  in  honour  of  living  indi- 
viduals. For  some  time,  therefore,  this  planet  was  known  in 
America  as  Clio,  For  the  sake  of  uniformity,  the  name  of  Vic- 
toria is  now  universally  adopted,  that  of  Clio  being  given  to  a 
subsequent  discovery. 

Eyeria  ©.  — This  planet  was  discovered  by  M.  de  Gasparis,  at 
Naples,  on  the  2nd  of  November,  1850,  resulting  from  a  series  of 
observations  in  zones  of  declination  undertaken  for  the  express 
purpose  of  discovering  these  minute  bodies.  The  motion  of  the 
})lanet  soon  satisfied  the  observer  that  the  suspected  object  was  a 
planet. 

Egeria  at  its  first  appearance  was  about  the  ninth  magnitude ;  it 
descends  occasionally  as  low  as  the  twelfth. 

Irene  ©.—On  the  night  of  the  19th  of  May,  1851,  during  on 
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examination  of  the  heavens  near  a  star  which  had  been  previously 
noticed,  Mr.  Hind  remarked  an  object  near  it  of  similar  mapiitude, 
and  from  his  knowledge  of  that  part  of  the  heavens,  he  felt  con- 
vinced that  the  object  was  a  new  planet.  Mr.  Hind  considers,  that, 
so  far  as  he  is  concerned,  the  discovery  is  due  to  his  familiarity  with 
telescopic  stars  gained  in  his  repeated  examinations  for  minute 
objects.  Observations  soon  established  this  object  as  a  planet,  its 
motion  being  evident  in  a  short  interval  of  time. 

Mr.  Hind  remarks:  "On  the  night  of  the  discovery  it  was 
noticed  that  there  was  a  decided  contrast  between  the  light  of  the 
star  and  that  of  the  planet ;  the  former  was  very  white  and  vivid, 
while  the  latter  had  a  dull  bluish  tinge.  The  planet  also  appeared 
to  be  enveloped  in  an  extremely  faint  nebulous  atmosphere,  the 
existence  of  which  has  been  confirmed  on  several  subsequent  occa- 
sions, though  it  requires  a  perfectly  clear  night,  and  great  attention, 
to  render  it  very  evident." 

The  planet  occasionally  shines  as  a  star  of  the  ninth  magnitude ; 
its  minimum  is  the  twelfth. 

M.  de  Gasparis  of  Naples  discovered  Irene  four  days  after  Mr. 
Hind,  an  instance  how  closely  the  heavens  were  scrutinised.  Other 
independent  discoveries  of  planets  have  taken  place,  aa  well  as  on 
this  occasion,  which  will  appear  hereafter. 

Eunomia  @. — This  planet  was  discovered  at  Naples,  by  M.  de 
Gasparis,  on  the  29th  of  July,  1 85 1,  shining  as  a  star  of  the  ninth 
magnitude. 

Eunomia,  occasionally,  is  tolerably  bright,  being  of  the  eighth 
magnitude ;  it,  however,  in  other  parts  of  its  orbit  becomes  almost 
invisible.  During  the  opposition  of  this  planet  in  the  summer  of 
1 860,  its  magnitude  was  unusually  great,  appearing  of  nearly  equal 
brilliancy  to  Vesta. 

Psyche  @. — During  the  evening  of  the  17th  of  March,  1852, 
M.  de  Gasparis  discovered  this  planet,  which  at  the  time  was 
situated  near  Regulus,  with  which  it  was  compai-ed,  and  its  plane- 
tary motion  detected.  As  Irene  was  first  discovered  by  Mr.  Hind, 
and  in  four  days  after  by  M.  de  Gasparis,  so  in  this  instance,  if  the 
Naples  astronomer  failed  to  notice  Psyche,  Mr.  Hind  would  most 
probably  have  been  soon  in  a  position  to  claim  the  merit  of  its 
discovery.  On  the  1 8th  of  January,  during  a  final  re^nsion  of  an 
eclipticfd  chart  before  placing  it  in  the  engraver's  hands,  Mr.  Hind 
entered  an  object  shining  a.s  a  star  of  the  eleventh  magnitude. 
Cloudy  weather  prevented  any  re-examination  of  this  object  until 
a  proof  of  the  engraving  arrived  on  the  1 8th  of  March.  On  the 
evening  of  that  day,  on  comparing  the  chart  with  the  heavens,  the 
star  was  not  to  be  found.  Its  planetary  character  was  at  once 
evident.     A  vigorous  search  after  the  missing  object  was  resolved 
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on,  but  before  a  favourable  opportunity  arrivedy  notice  was  given 
of  its  discovery  by  M.  de  Gasparis.  Professor  Gauss  has  ^own 
that  the  estimated  place  of  the  planet  on  January  29,  agrees  well 
with  the  elements  deduced  from  the  observations.  Its  planetary 
natui*e,  however,  was  not  known  to  Mr.  Hind  till  the  night 
following  the  actual  discovery  at  Naples. 

The  mean  opposition  magnitude  of  Psyche  is  about  the  tenth. 

Thetis  vTJ. —  l^r*  R*  Luther,  of  the  observatory  of  Bilk,  near 
Dusseldorf,  discovered  this  planet  on  the  17th  of  April,  1852, 
which  soon  proved  itself  to  be  one  of  the  remarkable  group  of 
minute  planets.  It  shines,  generally,  when  in  its  most  favourable 
position,  as  a  star  of  the  ninth  magnitude. 

Melpomene  (is). —  This  planet  was  disrx)vered  by  Mr.  Hind  during 
the  night  of  the  24th  of  June,  1852.  It  appeared  with  a  brilliancy 
equal  to  a  star  of  the  ninth  magnitude,  in  a  position  where  no 
known  member  of  these  bodies  could  be  situated.  Observations 
with  a  micrometer  soon  indicated  a  sensible  change  of  position. 

Mr.  Hind  has  frequently  remai'ked  a  strong  yellowish  colour 
about  the  light  of  Melpomene,  contrasting  in  a  visible  manner  the 
appearance  of  the  planet  with  the  small  stars-  in  the  same  field  of 
view  of  the  telescope. 

When  in  favourable  parts  of  its  orbit,  this  planet  shines  similarly 
to  a  star  of  the  eighth  or  ninth  magnitude. 

Forttma  @. —  This  planet  is  another  of  Mr.  Hind's  discoveries. 
On  the  22nd  of  August,  1852,  he  noticed  an  object  of  the  ninth 
magnitude,  when,  after  comparing  it  with  another  star,  the  motion 
westward  was  appreciable  in  about  twenty  minutes. 

Fortima  shines  usually  at  opposition  as  an  object  of  the  ninth 
magnitude. 

MaasUia  Q). — On  the  19th  of  September,  1852,  a  new  planet 
was  discovered  at  Naples  by  M.  de  Gasparis,  shining  as  a  star  of 
the  ninth  magnitude.  This  planet  was  also  independently  dis- 
covered by  M.  Chacomac  at  Marseilles,  on  the  20th  of  September, 
while  forming  a  chart  of  the  positions  of  stars  near  the  ecliptic. 
The  honour  of  being  the  first  discoverer,  however,  is  due  to  M.  De 
Gasparis. 

The  brilliancy  of  Massilia  varies  from  the  eighth  to  the  eleventh 
magnitude,  according  to  its  position  in  its  orbit. 

Lutetia  @. — The  planet  Lutetia  was  discovered  on  the  1 5th  of 
November,  1852,  by  Mr.  Hermann  Goldschmidt,  an  amateur  as- 
tronomer at  Paris.  It  appeared  of  about  the  ninth  magnitude,  but 
soon  became  much  fainter.  Its  mean  opposition  brightness  is 
equal  to  stars  of  the  tenth  magnitude. 

The  discovery  of  this  planet  by  M.  Goldschmidt  was  made  with 
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a  small  ordinary  telescope^  placed  in  the  balcony  of  his  apart- 
ment in  the  Rue  du  Seine,  Faubourg  St.  Germain. 

The  zeal  and  devotion  of  this  astronomer  have  been  rewarded  by 
the  discovery  of  no  less  than  twelve  of  these  interesting  members 
of  the  solar  system. 

Calliope  @, —  In  the  night  of  the  i6th  of  November,  1852, 
while  Mr.  Hind  was  comparing  the  heavens  with  one  of  his  eclip- 
tical  star-maps,  he  noticed  an  object  which  was  not  entered  on  the 
chart.  Its  planetary  nature  was  soon  identified  by  comparing  its 
motion  with  the  neighbouring  stars.  The  maximum  brightness  of 
Calliope  is  similar  to  a  star  of  the  ninth  magnitude,  though  in 
some  parts  of  its  orbit  the  intensity  of  light  is  so  small  as  to 
render  the  planet  visible  only  with  telescopes  of  a  superior  degree 
of  penetrating  power. 

Thalia  @.--  On  the  evening  of  the  1 5th  of  December,  1852,  Mr. 
Hind  detected  another  planet,  which  received  the  name  of  Thalia. 
Like  Calliope,  this  planet  was  discovered  by  means  of  the  ecliptical 
star-maps,  formed  under  his  own  direction.  When  first  seen,  it 
shone  scarcely  brighter  than  stars  of  the  tenth  or  eleventh  magni- 
tude; a  degree  of  fuintness  'v^hich  forbids  the  use  of  ordinary 
telescopes  in  attempting  its  observation. 

The  mean  opposition  magnitude  of  Thalia  is  about  the  eleventh  ; 
its  minimum  brightness  is  no  greater  than  the  thirteenth  or  four- 
teenth magnitude. 

Themis  @.  —  The  planet  Themis  was  discovered  at  Naples,  on 
the  6th  of  April,  1853,  by  M.  de  Gasparis.  Whilst  searching  for 
a  small  star  of  the  eleventh  magnitude  which  had  previously  been 
observed  but  which  had  become  invisible,  that  astronomer  took 
notice  of  a  small  object  of  the  twelfth  magnitude  which  was  new 
to  him,  the  proper  motion  of  which  whs  soon  recognised  on  com- 
parison with  a  neighbouring  star.  Themis  shone  as  an  extremely 
minute  object:  the  greater  merit,  therefore,  is  due  to  the  inde- 
fatigable observer  through  whose  exertions  the  astronomical  world 
were  made  acquainted  with  its  existence. 

No  instrument,  except  of  a  superior  class,  can  be  expected  to 
perceive  this  minute  body,  its  mean  opposition  magnitude  being 
about  the  twelfth. 

Phocea  @. — While  M.  de  Gasparis  was  enp^aged  in  the  con- 
sideration of  Themis,  M.  Chacornac  was  equally  engaged  on 
another  new  member  of  the  planetoids,  which  he  discovered  also 
on  the  6th  of  April,  1853,  ^^  Marseilles.  It  received  the  name  of 
Phocea.  When  first  seen  it  appeared  as  a  star  of  the  ninth  mag- 
nitude, having  a  bluish  tint.  On  comparison  with  another  star  its 
motion  was  detected. 

The  apparent  magnitude  of  Phocea  is  variable ;  it  changes  from 
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the  ninth,  when  the  planet  is  most  favourably  aitoated  for  obeenro* 
tion,  to  the  twelfth^  when  its  position  in  its  orbit  places  it  at  its 
greatest  distance  from  the  earth. 

Proserpine  @,  —  The  planet  Proserpine  was  discovered  on  the 
5th  of  May,  1853,  at  Bilk,  by  Dr.  Luther.  When  detected,  it 
appeared  exceedingly  faint,  being  no  brighter  than  a  star  of  the 
tenth  or  eleventh  magnitude. 

At  opposition,  its  mean  intensity  of  light  equals  an  object  of 
about  the  tenth  magnitude. 

Euterpe  @.  —  The  planet  Euterpe  was  found  on  the  evening  of 
the  8th  of  November,  1853,  by  Mr.  Hind,  while  he  was  comparing 
one  of  his  ecliptioal  maps  with  the  heavens.  It  was  shining  as  a 
star  of  the  ninth  magnitude,  and  was  shortly  proved  by  its  motion 
to  be  a  planet.. 

The  magnitude  of  Euterpe  is  generally  about  the  tenth  when  in 
opposition. 

Bellona  @.  —  The  planet  Bellona  was  discovered  by  Dr.  Luther, 
at  Bilk,  on  the  ist  of  March,  1854.  Its  mean  amount  of  brilliancy 
at  opposition  is  about  equal  to  stars  of  the  tenth  magnitude. 

Amphitrite  @. — On  the  ist  of  March,  1 854,  and  only  about  two 
houri*  later  than  the  discovery  of  Bellona,  Mr.  Marth  detected  the 
planet  Amphitrite,  at  the  Regent's  Park  Observatory.  It  was  also 
independently  found  by  Mr.  Pogson  at  Oxford,  on  the  2nd  of 
March,  and  by  M.  Chacomac  at  Marseilles,  on  the  3rd  of  March. 
On  its  iirst  appearance,  Amphitrite  shone  as  a  star  of  the  tenth 
or  eleventh  magnitude.  Its  brilliancy  is,  however,  occasionally 
much  greater,  the  maximiun  being  about  the  ninth  magnitude. 
.  Uroiiia  @.  The  planet  Urania  was  discovered  by  Mr.  Hind 
about  midnight  on  the  22nd  of  July,  1854,  shining  as  an  object  of 
the  ninth  or  tenth  magnitude.  Urania  is,  however,  extremely 
faint  in  unfavourable  positions  for  observation. 

The  number  of  planetoids  discovered  by  Mr.  Hind  thus  amounts 
to  ten,  Urania  being  the  last  found  by  that  indefatigable  astro- 
nomer. The  instniment  used  in  his  reseai'ches  is  an  equatorially- 
mounted  achromatic  telescope,  having  an  object-glass  of  seven 
inches  aperture,  and  about  eleven  feet  focal  length. 

Euphrosyne  @.  —  The  planet  EuphrosjTie  was  discovered  on  the 
I  f>t  of  September,  1 8  54,  at  Washington,  America,  by  Mr.  Ferguson. 
Its  position  on  the  nigtit  of  its  discovery  was  rather  singular.  Mr. 
Ferguson  was  in  search  of  Egeria,  which  he  observed  in  company 
with  another  object  which  was  so  close  to  Egeria  as  to  create  some 
uncertainty  in  his  mind  which  of  the  two  was  the  planet.  Another 
night's  observation,  however,  decided  the  planetary  nature  of  both 
objects,  one  of  which  was  Egeria  and  the  other  was  found  to  be  a 
new  planet. 
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With  the  exception  of  Pallas,  the  obliquitj  of  the  orbit  of 
Euphrosyne  is  greater  than  any  of  the  remaining  planetoids, 
amounting  to  26**  27'. 

The  magnitude  of  thiit  planet  at  mean  opposition  is  about  the 
eleventh. 

Ponwna  @. — The  planet  Pomona  was  detected  on  the  26th  of 
October,  1854,  at  Paris,  by  M.  GoldMchmidt  on  comparing  an  eclip- 
ticnl  star-map  with  the  heavens.  It  appeared  as  a  star  of  the  eleventh 
magnitude,  which  is  about  its  mean  brilliancy  at  opposition. 

Polyhymnia  @. —  This  planet  was  also  discovered  at  Paris.  On 
the  night  of  the  28th  of  October,  1854,  it  was  found  by  M.  Cha- 
coruac,  of  the  Imperial  Obsenatory. 

Of  all  the  known  planets,  Polyhymnia  is  remarkable  for  the 
large  excentricity  which  is  exhibited  by  the  elements  of  its  orbit ; 
the  diiierence  between  the  perihelion  and  aphelion  distances 
amounting  to  a  diameter  of  the  earth's  orbit. 

The  intensity  of  light  shown  by  Polyhymnia  varies  considerably; 
its  magnitude  changing  from  the  ninth  to  the  thirteenth. 

Circe  Q. —  The  planet  Circe  was  discovered  at  the  Imperial 
Observatoiy,  Paris,  on  the  6th  of  April,  1855,  by  M.  Chacomac. 
By  comparison  with  the  star  25,438  of  the  catalogue  of  Lalande, 
iu  identity  as  a  planet  was  contirmed. 

The  magnitude  of  Circe  is  extremely  faint,  its  mean  opposition 
brightness  being  equal  to  a  star  of  the  eleventh  or  twelfth  magni- 
tude. 

Leucothea  @. —  Dr.  Luther  discovered  the  planet  Leucothea  on 
the  night  of  the  19th  of  April,  1855,  shining  as  a  star  of  the 
eleventh  magnitude,  which  is  about  the  maximum  brightness.  This 
planet  is  generally  of  such  extreme  faintness,  as  to  make  it  an 
object  of  difficulty  even  with  telescopes  of  the  greatest  optical 
power. 

AtalantaQ).—  On  the  5th  of  October,  1 855,  M.  Goldschmidt 
discovered  the  planet  Atalanta,  at  Paris  ;  it  resembled  a  star  of  the 
eleventh  or  twelfth  magnitude,  which  is  about  its  brightness  at 
mean  opposition. 

Fides  @.  —  The  planet  Fides  was  detected  on  the  evening  of  the 
5th  of  October,  1 855,  at  Bilk,  by  Dr.  Luther,  being  the  second 
planetary  discovery  on  the  same  evening. 

The  magnitude  of  Fides  at  mean  opposition  is  about  the  tenth. 

Leda  @.  —  M.  Chacomac  discovered  the  plnnet  Leda  on  the 
12th  of  Januar}',  1 856,  at  Paris,  shining  as  a  star  of  the  tenth 
magnitude. 

The  mean  opposition  magnitude  of  Leda  is  about  the  eleventh. 

Lrptiiia  @.  —  The  planet  Lajtitia  was  detected  at  Paris  also  by 
M.  Chacomac,  on  the  8th  of  February,  1856.    On  comparing  thft 
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suspected  object  with  219963  of  Lalande's  catalogue,  its  motion 
was  soon  perceived. 

The  appearance  of  Laetitia  varies  considerably  in  magnitude  f 
when  at  the  greatest  it  shines  as  a  star  of  the  ninth,  and  at  its 
minimum  brilliancy,  about  the  twelfili  magnitude. 

Ilarmonia  @.  —  This  planet  was  discovered  by  IVL  Goldschmidt 
on  the  evening  of  the  3  ist  of  Maix;h,  1 856,  at  Paris,  shining  as  a 
star  of  the  ninth  or  tenth  magnitude. 

Ilarmonia  is  generally  of  average  brightness,  its  mean  opposition 
magnitude  scarcely  exceeding  the  ninth. 

I)ap?ine  @. —  The  planet  Daphne  was  also  discovered  by  M. 
Goldschmidt.  It  was  found  on  the  22nd  of  May,  1856,  at  Paris. 
Owing  to  the  lateness  of  the  discovery,  which  was  made  when 
Daphne  had  considerably  passed  opposition,  and  to  the  increasing 
daylight,  very  few  observations  were  made  of  this  planet,  too  few,  in 
fact,  for  the  determination  of  reliable  elements  of  its  orbit.  In  con- 
sequence of  this  uncertainty,  Daphne  was  not  seen  during  several 
years.  A  special  search  was,  however,  made  at  one  of  its  expected 
oppositions,  when  Dr.  Luther  found  it  on  the  ^  1st  of  August,  1 862. 

Isis  @.  —  The  planet  Isis  was  discovered  at  the  Badcliffe  Ob- 
ser>*atory,  Oxford,  on  the  2  3i*d  of  May,  1856,  by  Mr.  Pogson.  It 
appeared  as  a  star  of  the  tenth  magnitude,  which  is  about  its 
brightness  at  mean  opposition. 

Ariadne  ©. —  Mr.  Pogson,  while  comparing  one  of  his  manu- 
script charts  with  the  heavens  at  the  Radcliffe  Obser\'ator}',  Oxford, 
on  the  15th  of  April,  1857,  detected  an  object  which,  on  com- 
paring with  a  neighbouring  star,  proved  to  be  another  planet.  It 
received  the  name  of  Ariadne.  Its  brightness  at  mean  opposition  is 
similar  to  a  star  of  the  tenth  magnitude. 

jVr/M  @.  —  This  planet  was  found  by  M.  Goldschmidt  on  the 
27th  of  May,  1857,  resembling  a  star  of  the  tenth  or  eleventh 
magnitude.  In  favourable  positions  of  the  planet  in  its  orbit,  it  is 
considerably  brighter. 

Euf/enia  @. —  The  planet  Eugenia  was  discovered  also  by  M. 
Goldschmidt.  On  the  28th  of  June,  1857,  while  scnitinising  the 
heavens,  he  saw  an  object  which  proved  to  be  a  planet.  The  in- 
tensity of  light  of  Eugenia  is  veiy  faint,  and  a  good  telescope  is 
requii-ed  to  make  witiflfactoiT  observations. 

Ilvdia  @.  —  The  planet  Hestia  was  detected  on  the  1 6th  of 
August,  18^7,  at  Oxfoi-d,  by  Mr.  Pogson,  with  the  assistance  of  a 
^-feet  telescope,  generously  lent  l)y  Dr.  I^ee  of  Hart  well,  for 
his  private  use,  placed  in  the  gai*den  attached  to  his  residence. 
Ilestia  is  one  of  the  faintest  planets  of  the  group,  its  mean  oppo- 
sition magnitude  being  no  gi-cater  than  the  twelfth  or  thirteenth. 
Occasionally  the  magnitude  is  so  \evy  minute,  that  it  is  scarcelv 
within  the  limits  of  vision  even  with  first  class  telescopes. 
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Aglaia  @. —  Dr.  Luther  discovered  this  planet  on  the  1 5  th  of 
September,  1857,  at  Bilk.  The  faintness  of  Aglaia  prevents  it. 
from  being  frequently  observed.  Its  magnitude  is  about  the 
eleventh  or  twelfth  at  mean  opposition. 

Doi-U  @  and  Pale9  @. —  These  two  planets  were  discovered  on 
the  same  night,  on  the  19th  of  September,  1857,  by  M.  Gold- 
schmidt,  at  Paris.  Whilst  that  astronomer  was  engaged  upon  the 
identification  of  the  planetary  nature  of  Doris,  he  necessarily 
neglected  attending  to  a  stjir  which  had  vanished  in  the  vicinity 
of  le  Aquariij  later  in  the  evening,  however,  his  attention  was 
directed  to  an  object  which  soon  exhibited  a  change  in  its  relative 
position  with  respect  to  the  neighbouring  stars,  and  consequently 
was  proved  to  be  a  second  planet,  which  afterwards  received  the 
name  of  Pales.  At  the  time  of  discovery,  the  two  planets  were 
separated  only  by  about  three  minutes  of  right  ascension,  and  one 
degree  of  declination.  A  double  discovery  was  also  made  by  Dr. 
Peters  on  the  morning  of  June  4,  1875. 

These  planets  are  both  rather  minute  at  mean  opposition,  Doris 
being  of  the  eleventh,  and  Pales  of  the  tenth  or  eleventh  magnitude. 

Virginia  @.  —  The  planet  Virginia  was  first  noticed  on  the  4th 
of  October,  1857,  at  Washington,  U.  S.,  by  Mr.  Ferguson.  An 
independent  discovery  was  made  at  Bilk,  by  Dr.  Luther,  on  the 
19th  of  October,  before  intelligence  had  reached  Europe  of  its 
previous  detection.  This  planet  is  also  exceedingly  minute,  its 
mean  opposition  magnitude  being  between  the  twelfth  and  thir- 
teenth, while  in  other  positions  of  its  orbit,  where  it  is  more  un- 
favourably situated,  it  shines  as  a  star  of  the  fourteenth  or  fifteenth 
magnitude. 

Nemausa  @. —  The  planet  Nemausa  was  foimd  by  M.  Laurent, 
at  the  Observatory  at  Nismea,  in  the  south  of  France,  on  the  22nd 
of  January,  1 858.     Its  intensity  of  light  is  not  great. 

Europa  @. —  M.  Goldschmidt  was  the  discoverer  of  this  planet, 
on  the  6th  of  February,  1 858,  at  Paris.  Its  mean  opposition  mag- 
nitude is  estimated  as  being  equal  to  about  the  tenth. 

Calypso  @. — This  planet  was  detected  at  Bilk,  by  Dr.  Luther, 
on  the  4th  of  April,  1858.  When  first  noticed  it  resembled  a  star 
of  the  eleventh  magnitude,  which  doubtless  is  the  appearance  by 
which  it  will  be  generally  distinguished. 

Alexandra  @. —  The  planet  iUexandra  was  discovered  on  the 
loth  of  September,  1858,  by  M.  Goldschmidt,  at  Paris.  The 
magnitude  of  this  planet  must  be  classed  amongst  those  of  the 
faintest,  requiring  a  good  telescope  for  its  detection. 

Pandora  @. —  TI)is  planet  was  discovered  at  the  Dudley  Ob- 
serv'fitory,  Albany,  United  States,  by  Mr.  Searle,  on  the  night  of 
the  loth  of  September,   1858,  only  a  few  hours  later  than  the 
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discovery  of  Alexandra.  Pandora  waa  diacovered  by  a  veij  or- 
dinary telescope^  called  a  comet-seekeri  and  though  suspected  as 
a  new  planet  on  the  loth,  its  planetary  motion  was  not  confirmed 
till  the  1  ith  of  September. 

The  magnitude  of  Pandora  must  have  considerably  decreased 
soon  after  its  discovery,  for  in  the  latter  part  of  November,  1858, 
several  observations  were  made  with  the  transit-circle  at  the 
Royal  Obser\''atory,  Greenwich,  when  the  observer  remarked  that 
it  was  of  the  last  degree  of  faintuess.  At  that  time,  however, 
the  planet  was  not  in  a  favourable  part  of  its  orbit  for  observation. 

Mdde  ®. — The  discovery  of  this  object,  and  its  confirma- 
tion as  a  new  member  of  the  solar  system,  was  of  an  unusually 
interesting  character.  It  was  first  discovered  on  the  9th  of  Sep- 
tember, 1857,  by  M.  Goldschmidt,  at  Paris,  whilst  searching  for 
the  planet  Daphne.  When  the  latter  planet  was  detected  in  1 856, 
it  had  passed  opposition  for  a  considerable  period,  so  that  only 
four  observations,  at  no  great  interval  of  time,  could  be  made 
before  it  was  lost  in  the  rays  of  the  sun.  An  approximate  ephe- 
meris  was,  however,  computed  from  these  observations  for  the 
succeeding  opposition  ;  of  this  ephemeris  M.  Goldschmidt  availed 
himself,  and  by  its  assistance,  he  considered  he  should  be  enabled 
to  rediscover  the  lost  planet.  After  searching  with  considerable 
devotion,  he  discovered  an  object  which,  by  its  motion  in  com- 
parison with  other  stars,  proved  to  be  a  planet.  This  object  was, 
therefore,  supposed  to  be  Daphne,  not  only  by  M.  Goldschmidt, 
but  by  the  astronomical  world  in  general,  and  several  observations 
were  secured  at  different  observatories  during  the  period  of  its 
visibility.  Elements  of  the  orbit  of  the  new  planet  were  soon 
computed,  and  though  their  agreement  was  not  perfect  with  those 
obtained  from  the  few  observations  of  Daphne  when  first  dis- 
covered, yet  no  suspicion  existed  on  the  subject.  It  appeared, 
however,  by  the  investigations  of  M.  Ernest  Schubert,  who  in  the 
year  1858  had  been  engaged  to  compute  an  ephemeris  for  Daphne, 
for  the  American  Nautical  Almanac,  that  it  was  found  impossible 
to  reconcile  the  results  of  an  orbit  computed  from  the  observations 
of  1857  with  the  observations  made  at  the  original  discovery  of 
Daphne  in  the  preceding  year.  M.  Schubert,  therefore,  came  to 
tlie  conclusion  tiiat  the  object  discovered  by  M.  Goldschmidt  in 
1857,  September  9,  was  in  reality,  not  Daphne,  but  a  new  member 
of  tlie  gi-oup  of  planetoids. 

By  the  computer's  skill,  therefore,  Melete  was  first  added  to  the 
list  of  minor  planets.  In  the  order  of  di.<covery  it  is  placed  accord- 
ing to  the  date  of  its  identification  as  a  new  planet  by  M.  Schubert, 
in  1858,  though  its  actual  detection  took  place  between  the  dates 
of  the  discoveries  of  Hestia  and  Aglaia. 

Mnemoiyne  (ii). — ^The  planet  Mnemosyne  was  discovered  on  the 
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22nd  of  September  bj  Dr.  R  Lutber,  of  Bilk.  It  sbines  in  favour- 
able positions  as  a  star  of  the  tentb  magnitude. 

Concordia  @. — The  discovery  of  Concordia  is  also  due  to  Dr 
Luther.  While  scrutinizing  the  heavens  on  the  24tb  of  March, 
i860,  he  perceived  that  a  very  minute  object  of  the  eleventh 
magnitude  had  an  evident  planetary  motion.  By  comparing  it 
with  a  neighbouring  star,  he  was  soon  able  to  announce  it  to  the 
world  as  the  fifty-eighth  member  of  the  group  of  planetoids.  Con- 
cordia has  always  been  extremely  faint,  and  has  not  been  observed 
with  the  meridional  instrument  of  Greenwich  to  any  great  extent. 
Olympia  @. — Before  the  discovery  of  this  planet  it  seemed  ap- 
parent that  the  observing  activity  of  the  astronomers  had  nearly 
exhausted  this  planetary  mine  in  space ;  for  in  the  preceding  two 
years  Mnemosyne  and  Concordia  only  were  found.  On  the  night 
of  the  1 2th  of  September,  1 860,  M.  Chacomac,  however,  detected 
Olympia  in  the  constellation  Cetus,  shining  as  a  star  of  the  ninth 
or  tenth  magnitude.  This  announcement  was  followed  by  three 
others  within  the  short  period  of  a  month.  For  some  time  after 
this,  discovery  after  discovery  was  made  at  short  intervals,  which 
taxed  to  the  exti'eme  all  the  energies  of  the  astronomer,  both  official 
and  amateur,  in  following  the  planets  in  their  orbits,  and  in  pre- 
paring the  necessary  ephemerides  for  their  identification.  Olympia 
is  also  known  by  the  name  of  Elpisj  particularly  in  Germany. 

Echo  (eo).— This  planet  was  found  by  Mr.  Ferguson,  at  the  Naval 
Observatory,  Washington,  CJ.  S.,  on  the  night  of  the  1 5th  of  Sep- 
tember, 1 860.  It  was  first  noted  on  the  1 4th  as  a  star  not  on 
Chacornac's  charts,  but  on  the  1 5th  its  motion  among  the  stars 
proved  at  once  its  planetary  nature.  Its  estimated  magnitude  was 
the  eleventh. 

Danae  @.—  This  planet  was  first  seen  by  M.  Goldschmidt  on  the 
9th  of  September,  1 860,  at  Chatillon-sous-Bagneux,  France.  It 
was  situated  in  the  constellation  Aquarius,  near  the  star  Lalande 
44,384.  M.  Goldschmidt  sufiered  from  illness  in  the  interval  be- 
tween the  9th  and  19th  of  September,  which  prevented  him  from 
decidedly  fixing  the  planetary  nature  of  Danae  before  the  latter 
date.  On  this  day,  however,  he  was  enabled  to  make  complete 
obeei-vations  of  the  planet  both  in  right  ascension  and  declination, 
and  to  announce  it  as  a  new  planet.  It  shone  as  a  stiir  of  the 
eleventh  magnitude. 

Erato  @. — The  discovery  of  Erato  by  MM.  Fcirster  and  Lesser 
at  Berlin  was  unusually  interesting.  On  the  first  receipt  of  the 
intelligence  of  M.  Chacomac's  detection  of  Olympia,  MM.  Fcirster 
and  Lesser,  of  the  Berlin  Observatory,  made  an  extensive  series  of 
observations  of  the  supposed  new  object  with  the  equatorial  of 
that  observatory.     After  the  usual  reduction  of  th^  oWin^^qts^j^^ 
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♦iir  ri/Lt  hfttfrn-joiii  had  d^-clinaTi-'n*  wrre  puUisbtsl  i&  October ia 
tii*-  A^rtmumu^M  yorknxJtifM.  a*  br^finriiiiT  t  •  Cliac"»nirur**  planet. 
r»L  e'.»:i.pKriii;r  ib**r  pesiilti  wi:h  th  t«*  o!  cihrr  oL^ervrr^.  3dM. 
1  *'.•>•> r  jtrsd  I>es?^r  f-.-uni  a  lotai  disaCTeeni*-!*;  between  them. 
Ti-*— *:  t^:r•:'L?:2i-^^  "vrtrT*?  81  .-inc-v  c-'LTiDped  ihai  ib^y  had  be«ii« 
ir-y.h  S^pVrii-brT  14  t*-'  (.»c:c'ber  10.  uTii.->n<i-i "^ufiv  ■.•b*erTin2  a  d»- 
tli'.'t  T'lt'-i*:^  Tiir  •:-<t:mat*:-i  majiiiTudt:  of  Era:-*  at  the  time  cif 
diK-'v.rry  ira*  th*:  t-WTemh-  If  Wf  ni  thf  date  of  thr  tiret  delec- 
ts.'li  of  Lm:o  for  Srptfirj Vrr  i+.  no  less  than  four  minor  planets 
wfrre  addfrd  to  tL*r  known  meml*cr?  of  tbe  fr."*lar  system  in  a  week; 
ii.h  «-v*'Dt  unprt-cedtnled  in  the  hi^tory  of  planetan*  diao>ven\ 

Au^yma  Zl . — The  planet  Au^inia  was  tii^t  <<^n  bv  M.  de 
(tH-pfui-,  at  Naple.-.  on  the  niffht  of  the  loth  ^f  February,  186 1, 
khiuin^  ''rith  the  brilliancy  uf  a  ^ta^  of  the  tt-nth  magnitude.  Its 
motion  in  the  heaven^  was  det«.-ted  by  c  tmjwirinir  it  with  Weisse 

XL  120. 

AMfftiina  m.. — A  t*-legTaphic  despatch  from  Marseilles  appeared 
iij  tbe  Bulletin  of  M.  Jjh  Verrier,  announcing  the  di^coTenr  of  a 
new  planet  on  the  4th  of  March.  1S61.  by  M.  TempeL  Its  mag- 
nit  ud*-  wa-«  vftimated  as  the  tenth.  The  name  Anirelina  ivfers  to 
Za';L\  Hftronomieal  station  at  Notre  Dame  des  Anges,  near 
Marseiileft. 

C't/Uit  t  . — The  discoTerk'  of  Cybt»le  is  ala-j  due  to  >L  Tempel, 
«^.f  Marseiilrn-  When  tirsst  notice*!,  on  the  8th  of  March,  1861,  it 
wa-  in  the  inini»'diate  nei^'hbourh«.x>d  of  Angelina.  The  planet's 
ma:niitude  was  Wtween  the  tenth  and  elevtrnth,  and  the  star  of 
&jmpan>»on  was  Lahmde  22.905.  Cybele  is  occa&ionally  called 
Majrimiiimia. 

Mata  J^,.— The  planet  Maia  was  discovervd  at  the  obser\-atory 
of  Harvaid  College.  Camhrid;;re,  U.  S..  by  Mr.  H.  P.  Tuttle,  on  the 
ni^'ht  of  the  9th  of  April.  1 861.  Its  planetary-  nature  was  identi- 
fi'.-d  by  comparinjtr  it  with  No.  76  of  the  Hanard  zones.  The  mag- 
nil  iide  of  Maia  when  lir>t  seen  wjis  very  small,  being  no  greater 
than  the  thirteenth. 

Asia  './r,.— This  planet  was  found,  like  each  of  those  previously 
di.-covered  by  Mr.  Pogson.  by  means  of  his  own  manuscript  charts, 
arjd  not  by  mere  gleaninir  in  celestial  fields  previously  mapped  out 
bv  oth'-r  astwnomers.  Mr.  Pojsou  tirst  observed  Asia  at  Madras, 
on  the  17th  of  April.  1861,  it  beinjr  at  that  time  between  the 
eleventh  and  twelfth  magnitudes.  Tiie  name  of  Asia  was  selected 
as  a  fittin;r  record  of  the  first  planetary  discovery  made  in  that 
quarter  of  the  globe. 

IaIo  '^^.— Dr.  K.  Luther  found  Leto  at  the  Bilk  Observatory, 
n«*fir  midnight  on  the  29th  of  April,  1 86 1 ,  by  comparing  the  new 
object  with  a  known  star  catalogued  by  M.  Kiimker. 
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He9pei*ia  @.— Hesperia  was  first  observed  by  M.  Scbiaparelli,  at 
Milan,  also  on  the  29th  of  April,  1 861.  At  the  time  of  discovery 
the  planet  was  only  9'  distant  from  Ausonia,  for  which  it  was  at 
first  taken. 

Panopea  {70). — M.  Goldschmidt  detected  this  planet  on  the  5th 
of  May,  1 86 1 ,  at  Fontenay-aux- Roses,  near  Paris.  The  magnitude 
was  between  the  tenth  and  eleventh.  This  is  the  fourteenth  and 
last  planet  discovered  by  this  indefatigable  observer.  The  optical 
means  in  the  possession  of  the  late  M.  Goldschmidt  were  never 
great,  his  discoveries  having  been  made  with  telescopes  whose 
object-glasses  were  only  of  2,  2?,  or  4  inches  aperture.  It  is  truly 
astonishing  that  an  amateur  astronomer,  an  artist  by  profession, 
should  have  been  able  to  detect  so  lai*ge  a  number  of  a  class  of 
objects,  most  of  which,  from  their  extreme  faintness,  have  taxed 
to  the  utmost  official  astronomers  to  observe,  even  with  large 
fixed  telescopes.  The  Rev.  R.  Main,  RadcliffB  Observer  at  Oxford, 
has  remarked  that  "  none  of  M.  Goldschmidt's  telescopes  were 
mounted  equatorially,  but  that,  in  the  greater  number  of  instances, 
they  were  pointed  out  of  a  window  which  did  not  command  the 
whole  of  the  sky ;  and  I  leave  you  to  form  your  own  opinion  of 
that  fertility  of  invention  and  resource,  that  steady  determination 
to  conquer  apparently  insurmountable  difficulties,  the  untiring  in- 
dustry, and  the  never-failing  zeal,  which  realised  such  splendid 
results  with  such  inadequate  means." 

yiohe  ©. — Dr.  R.  Luther  discovered  Niobe,  at  Bilk,  on  the  even- 
ing of  the  1 3  th  of  August,  1861.  He  estimated  the  magnitude  to 
be  about  the  eleventh. 

Feronia  (72)— This  object  was  first  observed  by  Dr.  C.  H.  F.  Peters, 
of  Hamilton  College,  Clinton,  U.  S.,  on  the  29th  of  May,  1 861,  for 
the  planet  Maia ;  but  it  was  subsequently  found  by  Mr.  Saffbrd,  of 
Cambridge,  U.  S.,  to  be  really  another  planet.  Professor  G.  P. 
Bond  has  communicated  the  following  interesting  account  of  Mr. 
Saftbrd's  identification  of  Feronia.  "  Having  had  occasion  to  refer  to 
the  positions  of  Maia  obtained  by  Dr.  Peters  at  Hamilton  College, 
Mr.  Saffbrd  was  surprised  to  find  that  only  three  of  the  series, 
namely,  the  places  for  1 861 ,  May  9,  1 1 ,  and  1 2,  could  be  reconciled 
with  the  Cambridge  (U.  S.)  observations.  A  reference  to  Mr. 
Hall's  ephenieris  of  Maia  showed  that  it  represented  the  Cambridge 
observations  of  Maia  from  April  9  to  May  27,  nine  in  number,  and 
also  the  first  three  of  those  of  Dr.  Peters,  but  that  it  did  not 
represent  the  later  observations  of  Dr.  Peters.  It  was  at  once 
conjectured  that,  in  the  interval  between  May  1 2  and  May  29, 
when  clouds  and  moonlight  intervened  to  prevent  a  close  follow- 
ing of  Maia,  which  was  only  of  the  13th  magnitude,  Dr.  Peters 
had  lost  its  trace,  and  on  resuming  his  observations  had  fallen  on  a 
new  planet." 
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Cljftie  ©.—This  planet  was  detected  hy  Mr.  Tuttle,  at  Camlnidg«^ 
U.  S.,  on  the  morning  of  April  8  (3^  a.  u.),  1862.  .It  was  of  the 
twelfth  magnitude. 

Galatea  @, — Galatea  was  first  seen  by  M.  Tempel,  at  Marseilles, 
on  the  evening  of  the  29th  of  August^  1862,  the  planet  being  of 
the  eleventh  magnitude. 

Iknydwe  @.—I>r.  C.  H.  F.  Peters  discovered  this  planet  on  the 
22nd  of  September,  1 862,  at  Clinton,  U.  S.,  shining  as  a  star  of  the 
eleventh  magnitude. 

Dreia  @. — The  planet  Freia  was  first  observed  by  Professor 
D*Arre8t,  at  Copenhagen,  on  the  21st  of  October,  1 862.  It  was  of 
the  twelfth  magnitude. 

Frii/ga  (77). — Discovered  by  Dr.  C.  H.  F.  Peters,  on  the  1 2th  of 
November,  1862,  at  Clinton,  U.  S. 

Diana  @.— The  planet  Diana  was  found  by  Dr.  R.  Luther,  who 
first  saw  it  on  the  1 5th  of  March,  1 863.  Its  estimated  magnitude 
was  the  tenth. 

Eurynome  ^Tf). — Eurynome  was  discovered  by  Mr.  Watson,  at 
Ann  Aj-bor,  Michigan,  U.  S.,  on  the  1 4th  of  September,  1 863,  shining 
as  a  star  of  the  tenth  magnitude.  M.  Tempel,  of  Marseilles,  made 
an  independent  discovery  of  this  planet  on  October  1 3. 

Sapphtt  @. — The  planet  Sappho  was  found  at  Madras,  by 
Mr.  Pogson,  on  the  3ri(l  of  May,  1 864.  Its  estimated  magnitude 
was  the  eleventh. 

Terptiichore  @. — This  is  the  fourth  planet  discovered  by  M. 
Tempel,  of  Marseilles.  It  was  first  noticed  on  the  30th  of  Sep- 
tember, 1864,  the  magnitude  being  the  tenth. 

Alcmene  ©.—Discovered  by  Dr.  R.  Luther,  on  the  27th  of 
November,  1 864,  at  about  9^  h.  in  the  evening.  Its  estimated 
majmitude  was  the  eleventh. 

Beatrix  ®.  This  minor  planet  was  first  observed  by  M.  de 
Gasparis,  at  Naples,  on  the  26th  of  April,  1865.  Its  planetary 
nature  was  detected  by  comparisons  of  its  position  with  that  of 
Weiese  xiii.  1 3.  The  planet  shone  equal  to  a  star  of  the  tenth  or 
eleventh  magnitude. 

CUo  @. — This  planet  is  another  of  Dr.  R.  Luther's  discoveries. 
It  was  first  observed  on  the  2  5th  of  August,  1 865,  shining  as  a  star 
of  the  tenth  magnitude. 

lo  ©.—Discovered  by  Dr.  C.  H.  F.  Peters,  at  Clinton,  U.  S.,  on 
the  19th  of  September,  1865.  Its  estimated  magnitude  was  the 
tenth. 

Semele  ©. — The  planet  Semele  was  detected  at  Berlin,  by 
Dr  Tietjen,  on  the  6th  of  January,  1866,  while  searching  for  lo. 
It  was  a  very  faint  object,  its  magnitude  being  the  twelfth. 

Sylvia  ©.—Discovered  by  Mr.  Pogson,  at  Madr&s,  on  the  i6th 
of  May,  1866. 
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ThiAe  (m>.— Dwcorered  by  Dr.  C.  H.  F.  Peters, at  Clinton,  U. S., 
on  the  I  ^th  of  June,  1 866. 

JtiUa  (jiT,. — DiscoTered  at  the  obaenratorr  of  Marseilles,  by  M. 
St^phan.  on  the  6th  of  August,  1866.  This  observatory,  which 
has  since  become  celebrated  for  the  numerous  planetary  and 
cometary  discoveries  made  by  different  astronomers  attached  to  the 
estabH.«hinent,  was  first  founded  by  M.  Le  Verrier  as  a  branch  of 
the  Paris  Observatory.  It  is  now,  however,  placed  under  the  sole 
direction  of  M.  St^phan,  who  has  been  the  astronomer  in  chaige 
from  the  commencement 

Antivpe  jm  . — This  planet  was  discovered  on  the  1st  of  October, 
1 866,  by  Dr.  R.  Luther,  at  Bilk,  by  means  of  a  manuscript  chart 
constructed  by  himself. 

/Egina  (iT). — Discovered  by  M.  Borrelly,  at  Marseilles,  on  the 
4th  of  November,  1 866. 

Undina  (vT. — Undina  was  discovered  to  be  a  planet  by 
Dr.  C.  H.  F.  Peters,  on  the  morning  of  July  8,  1867.  Its 
motion  was  detected  by  comparison  with  Oeltzen's  Aryrelander 
2138,  and  confirmed  by  a  second  comparison  with  the  same 
star  on  the  following  morning.  The  magnitude  was  about  the 
eleventh. 

Minerva  (m^. — Discovered  on  the  24th  of  August,  1 867,  by  Mr. 
Watson,  at  Ann  Arbor,  U.  S. 

Aurora  ^,9^).-^ Discovered  on  the  6th  of  September,  1 867,  by  Mr. 
Watson,  at  Ann  Arbor,  U.  S. 

Arethttsa  (js^. — Discovered  at  Bilk,  by  Dr.  R.  Luther,  on  the 
23rd  of  November,  1 867. 

^ffie  ( 9^\ — Discovered  at  Marseilles,  by  M.  Coggio,  on  the  1 7th 
of  February,  1868. 

Clofho  97  . — Discovered  at  Marseilles,  by  M.  Tempel,  on  the  1 7th 
of  February,  1868. 

lanthe  we  .—Discovered  at  Clinton,  U.  S.,  by  Dr.  C.  H.  F. 
Peters,  on  the  18th  of  April,  1868. 

Dike  ;  99^. — Discovered  at  Marseilles,  bv  M.  Borrellv,  on  the  29th 
of  May,  1868. 

Hecate  fioo  . — This  planet  was  first  seen  by  Mr.  Watson,  at  Ann 
Arbor,  U.  S.,  on  the  i  ith  of  July,  1868.  It  was  also  observed 
by  M.  Coggia,  at  Marseilles,  before  information  of  its  discovery  was 
received  in  Europe. 

Helena  jo\. — Discovered  at  Ann  Arbor,  U.  S.,  by  Mr.  Watson, 
on  the  l6th  of  August,  1868. 

Miriam  ^Toa  . — Discovered  at  Clinton,  U.  S.,  by  Dr.  Peters,  on 
the  22nd  of  August,  1868. 

Hera  lioa ,  Clymene  \oa  ,  Artemis  (105^,  and  DUme  ^io«  ,  were  all 
discovered  by  Mr.  W^atson,  at  Ann  Arbor,  U.  S.    Hera  on  Sep- 
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tember  7,  Clvmene  on  September  13,  ArtemU  on  Septmuber  l6« 
and  Dione  on  October  10,  1868. 

Camilla  QioV^. — DiiHX)vered  «t  Madins,  by  Mr.  Pogson,  on 
November  17,  1868. 

Hecuba  (w^. — Discovered  at  Bilk,  by  Dr.  R.  Luther,  on  April  2, 
1869. 

Felicttas  (iw  . — Discovered  at  Clinton,  U.  S.,  by  Dr.  Peters,  on 
October  9,  1869. 

Lydia  ^ . — Discovered  at  Marseilles,  by  M.  Borrelly,  on  April 
19,  1870. 

Ate  (nT),  Hnd  Iphigerwi  (na^,  were  discovered  at  Clinton,  U.  S.,  by 
Dr. Peters;  Ate  on  Auj^ust  I4,andlphigenia  on  September  19, 1 870. 

Amnlthdin  {'ua. — Discovered  at  Bilk,  by  Dr.  R.  Luther,  on 
March  12,  1 87 1. 

Cassandra  <^r. — Discovered  at  Clinton,  by  Dr.  Peters,  on  July 
24,  1871. 

Thi/ra  jii\ — Discovered  at  Ann  Arbor,  by  Mr.  Watson,  on 
Aiijriist  6,  1871. 

Sirana  vj^i6.— Discovered  at  Clinton,  by  Dr.  Peters,  on  September 
8,  1871.  This  planet  was  independently  discovered  by  Dr.  R. 
Luther,  on  September  14. 

Lotma.(in, — Discovered  at  Marseilles,  by  M.  Borrelly,  on 
September  12,  1 87 1. 

Peitho  (u'a . — Discovered  at  Bilk,  by  Dr.  R.  Luther,  on  March 

15.  1872. 

Allhipa  (ni). — Discovered  at  Ann  Arbor,  by  Mr.  Watson,  on 
April  3,  1872.  This  planet  was  observed  by  M.  Paul  Ilerry,  at 
Palis,  before  its  discovery  was  announced  in  Europe* 

Lachesis  vjao.— Discovered  at  Marseilles,  by  M.  Borrelly,  on 
April  10,  1872. 

Jfermione  lar. — Discovert-d  at  Ann  Arbor,  by  Mr.  Watson,  on 
May  12,  1872. 

Gerda  ;iaa\  Brvnhilda  m,  and  Alcestis  ria^,  were  discovered  at 
Clinton,  by  Dr.  Peters;  Gerda  oh  July  31,  Brunhilda  on  July  31, 
and  Alcestis  on  August  23,  1872. 

Liberati-ix  ija^^,  Velleda  lae ,  and  Johanna  iFa7\  were  discovered 
at  the  Observatory  of  Paris:  Liberatrix,  by  M.  Prosper  Henry,  on 
September  1 1  ;  Velleda,  by  M.  Paul  Henry,  on  November  5;  and 
Johanna,  by  M.  Prosper  Henry,  on  November  5,  1872. 

Nemesis  «,ia«;. — Discovered  at  Ann  Arbor,  by  Mr.  Watson,  on 
November  25,  1872.  This  planet  was  observed  by  M.  Borrelly 
before  the  announcement  of  ila  discovery  was  received  in  Europe. 

Antigone  ^139^,  Electra  (\^oy  and  Vala  iiar,  were  discovered  at 
Clinton,  by  Dr.  Peters;  Antigone  on  February  5,  1873,  J^lectra 
on  February  17,  1 873,  and  Vala  on  May  24,  1873. 
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JEfhra  i«  ,  and  Cyrene  (133^  were  discovered  at  Ann  Arbor,  by 
Mr.  Watson;  ^thra  on  June   13,   and  Cyrene  on    August  16, 

1873- 

Sophrosyne  @. — Discovered  at  Bilk,  by  Dr.  R.  Luther,  on  Sep- 
tember 27,  1873. 

Hertha  (^. — Discovered  at  Clinton,  bv  Dr.  Peters,  on  February 

18,  1874. 

Ay  stria  'n6},  and  Meliboea  (T37),  were  discovered  at  Pola,  in 
Austria,  by  M.  Palisa;  Austria  on  March  18,  and  Meliboea  on 
Apiil  21,  1874. 

Tolosa  J 3e).— Discovered  at  Toulouse,  by  M.  Perrotin,  on  M.iy 

19.  1874. 

(139). — This  planet  was  discovered  by  Mr.  Watson  at 
Pekin,  China,  on  the  evening  of  October  10,  1874.  ^^^'  W^atson 
was  attached  to  the  American  expedition  stationed  at  Pekin  for 
the  observation  of  the  Transit  of  Venus  on  December  8,  1874. 

Siwa(^, — Discovered  at  Pola, by  M.  Palisa,  on  October  1 3, 1 874. 

Lumen  (un. — Discovered  at  Pans,  by  M.  Paul  Henry,  on 
January  13,  1875. 

Polann  (TiT),  and  Adria  (jo),  were  discovered  at  Pola,  bv  M. 
Palisa;  Polana  on  January  28,  and  Adria  on  February  23,  1875. 

Vihilin  (u\,  and  Adeunn  uj^,  were  discovered  at  Clinton  by  Dr. 
Peters  at  about  3  a.m.  on  the  morninL''  of  June  4,  1875. 

Lticiiia  ;]7e;. — Discovered  at  Marseilles,  by  M.  BorrelJy,  on  June 
8,  1875. 

373.  Becrease  in  briffhtness  of  sncoessiTe  rroups  of 
planetoids. — The  continuous  discovery  of  these  minute  planets 
year  after  year  is  very  remarkable,  and  there  can  be  no  reasonable 
doubt  that  the  known  members  of  this  planetary  group  represent 
but  a  small  fraction  of  the  numerous  planetoids  whose  orbits  are 
contained  between  those  of  Mars  and  Jupiter.  Probably  all  the 
brighter  objects  have  been  discovered  ;  the  four  first  detected  are 
of  greater  magnitude  than  the  others,  their  mean  opposition 
magnitudes  varying  from  the  tixth  to  the  eighth.  If  we  form 
the  mean  opposition  majrnitudes  into  groups  in  the  order  of  their 
discovery,  we  shall  find  that  the  first  four  have  a  mean  opposition 
lUHgnitude  of  7*5,  and  the  next  six  of  9-4.  Continuing  in  this 
manner,  but  taking  larger  and  successive  groups,  the  gradual 
decrease  of  mean  brightness  is  clearly  shown  by  the  following 
relative  numbers,  ij-6,  lO'i,  ii*o,  11*3,  ii'Si  ii'7'  The  mean 
distances  of  these  planets  from  the  sun  have  also  a  tendency  to  be 
less  in  the  older  members  of  the  group.  Taking,  for  example, 
the  first  twenty  planets  in  the  preceding  list,  their  mean  distance 
from  the  sun,  that  of  the  earth  being  unity,  is  2*52  ;  in  the  second 
twenty  it  is  2*67  j  in  the  thii-d  268  ;  and  in  the  fourth  271.     hx 
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subsequent  diftcoveries  the  average  distimce  is  still  greater,  that  of 
the  last  fifty  planets  being  about  2*89. 

374.  Baplieata  dtoooveries. — In  many  instances  two  or  more 
observers  have  discovered  the  planet  independently.  The  nio>t 
notable  of  these  instaaces  was  perhaps  that  of  the  discovery  of 
Amphitrite,  which  was  first  seen  by  Mr.  Msrth,  at  the  Regent's 
Park  Observatory,  on  March  1,  1854;  by  Mr.  Pogson,  at  Oxford, 
on  March  2 ;  and  by  M.  Chacomac,  at  Marseilles,  on  March  3. 
Irene  was  discovered  by  Mr.  Hind  on  May  19,  1851,  and  by  M.  (I« 
Gasparis  on  May  23  ;  Massilia  by  M.  de  Oasparis  on  Septeii;b»»r 
19,  1852,  and  by  M.  Chacomac  on  September  20.  ^nverMl 
planets  have  been  discovered  in  America  and  Europe  inde- 
pendently; amonjT  them  may  be  mentioned  Virginia,  by  Mr. 
Ferguson,  at  Washington,  on  October  4, 1857,  and  by  Dr.  Luther, 
at  Bilk,  on  October  1 9 ;  Eurynome,  by  Mr.  Watson,  at  Ann  Arlx^r, 
on  September  14,  1863,  and  by  M.  Tenipel,  at  Marseilles,  on 
October  13  ;  Hecate,  by  Mr.  W^atson,  on  July  11,  1868,  and  by 
M.  Coggia,  at  Marseilles,  on  July  16;  Sirona,  by  Dr.  Peteis,  at 
Clinton,  on  September  8,  187 1,  and  by  Dr.  Luther  on  September 
14.  Althaea  and  Nemesis  were  both  discovered  independently  in 
Europe  before  their  discovery  was  announced  by  Mr.  Watson, 
Althaea  by  M.  Paul  Henry,  and  Nemesis  by  M.  Borrelly. 

The  duplicate  discoveries  of  planets  by  European  and  American 
astronomers  will  be  much  reduced  by  an  important  concession 
made  by  the  directoi-s  of  the  associated  trans-Atlantic  submarine 
telegraph  companies,  who,  at  the  request  of  the  authorities  of  the 
Smithsonian  Institution,  have  liberally  granted  the  use  of  their 
lines  for  the  free  transmission  of  cable  telegrams  between  Europe 
and  America  of  any  astronomical  discover}^,  which,  for  the  purpose 
of  co-operative  ob-^ervation,  requires  immediate  announcement. 
Planets  discovered  in  America  have  therefore  been  observed  in 
Europe  within  a  day  or  two  of  the  receipt  of  the  telegram.  •  It 
may  be  remarked,  in  illustration  of  this,  that  the  announcement 
of  the  discovery  of  Vibilia  by  Dr.  Peters  on  the  morning  of  June 
4,  1875,  was  received  in  Europe  on  June  4,  and  an  observation 
was  made  at  Berlin  on  June  6,  and  another  at  Bilk  on  June  8. 

375.  Arrangement  for  oontlnnoos  observations. — The 
number  of  the  minor  planets  is  now  so  great,  that  already  it  \* 
feared  that  some  of  the  smallest  have  been  lost  owing  to  their 
extreme  faintness.  The  labour  of  calculating  sufficiently  accurate 
ephemerides  for  all  these  planets  has  been  for  some  time  very 
burdensome,  and  observers  rely  entirely  on  the  Berliner  Jahrbttch, 
w^hich  contains  a  limited  daily  ephemerisof  most  of  the  planets  for 
a  short  period  before  and  after  opposition.  By  the  help  of  this 
valuable  work,  a  large  number  of  observations  of  the  planetoids 
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are  made  at  the  principal  observatories,  especially  at  Greenwich, 
Paris,  Berlin,  Leipzig,  and  other  places.  At  Greenwich  and  Paris 
the  observations  are  divided  between  the  two  observatories,  in 
conformity  with  a  convention  agreed  upon  by  the  Astronomer 
Koyal,  Sir  George  B.  Airy,  and  M.  Le  Verrier.  This  convention 
was  arranged  in  1H63,  by  which  it  is  understood  that  all  the 
minor  planets  which  pass  the  meridian  between  10  F.if.  and 
I  A.M.  are  to  be  observed  at  Greenwich  during  the  period  from 
new  to  full  moon,  and  at  Paris  from  full  to  new  moon.  This 
arrangement  has  been  continued  with  great  success,  and  the 
results  are  published  both  in  the  volumes  of  Greentcich  Observo' 
iions  and  the  AnncUes  de  V  Ohservatoire  de  Paris, 

376.  Seal  of  tbe  aUooTerers. — A  glance  at  the  names  of 
those  astronomers  who  have  specially  distinguished  themselves  in 
this  field  of  discovery,  will  give  some  idea  of  the  constant  exami- 
nation of  the  heavens  required  before  so  many  objects  of  such 
extreme  faintne^s    could    be    detected   by   one   observer.      The 

,  principal  planet-tinders  have  been.  Dr.  Peters,  of  Clinton,  U.S., 
who  has  discovered  twenty-two ;.  Dr.  Luther,  of  Bilk,  twenty ;  Mr. 
Wateon,  of  Ann  Arbor,  U.S.,  sixteen ;  M.  Goldschniidt,  fourteen  ; 
and  Mr.  Hind,  ten.  These  five  observers  have,  therefore,  added 
eighty-two  to  the  known  members  of  the  group  of  minor  planets. 
The  remainder  were  discovered  by  twenty-five  observers,  in 
numbers  varying  from  eight  to  one. 

377.  Tbe  remarkable  accordance  of  the  planetoia*  wltli 
Or.  Olbera*  bypotlieala. — The  orbits  of  the  planetoids  are  all 
comprised  between  the  mean  distances  2*2  and  3*5,  that  of  the 
earth  being  i  'O.  The  magnitudes  of  all  these  bodies,  with  one  or 
two  exceptions,  are  too  minute  to  be  ascertained  by  any  means  of 
measurement  hitherto  discovered,  and  may  be  inferred  with  great 
probability  not  to  exceed  1 00  miles  in  diameter.  The  largest  of 
the  group  is  probably  less  than  500  miles  in  diameter,  while  those 
which  are  considered  the  most  minute  are  supposed  to  be  only  a 
few  miles  in  diameter.  It  cannot  fail,  therefore,  to  be  observed  in 
how  remarkable  a  manner  the  planetoids  genenilly  conform  to  the 
conditions  involved  in  the  hypothesis  of  Dr.  Olheis. 

377  a,  Mntnal  relations  between  tbe  orbits  of  the 
planetoids. — It  cannot,  however,  be  der.ied  that  there  is  much 
uncertainty  in  maintaining  this  theory  of  Dr.  ()lb»M-s  as  the  true 
origin  of  that  ring  of  small  bodies  between  Mars  and  Jupit^-r.  The 
hypothesiis  of  their  being  shattered  fragments  of  some  brilliantly 
large  planet,  which  might  have  been  the  focus  of  a  gi*eat  catastrophe 
countless  ages  ago,  may  or  may  not  be  true ;  but  the  researches  of 
modern  mathematicians  certainly  do  not  appear  to  justify  our 
receiving  it,  except  only  as  a  possible  assu^nption.     Mi*.  Newcomb, 
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an  American  astronomer,  has  discussed,  with  great  clearness,  the 
mutual  relations  and  secular  variations  of  the  orbits  of  theplanetoids^ 
and  he  considers  that  Dr.  Olbers'  celebrated  hypothesis  has  the 
advantage  of  apparently  accounting  for  the  phenomena,  considered 
in  their  mere  salient  aspects,  in  a  very  remarkable  manner.  For 
if  we  consider  the  phenomenon  of  the  place  of  a  single  large  planet 
being  filled  by  probably  hundreds  of  small  ones  of  different  magni- 
tudes, some  with  lai-ge  inclinations  and  excentricities,  and  whose 
mean  distances  differ  but  slightly,  we  might  naturally  expect  such 
a  result  to  arise  from  the  force  necessary  to  break  the  planet  into 
numerous  fragments,  each  very  small  in  comparison  with  the 
original.  Mr.  Newcomb  remai-ks :  "  We  shall  see  that  when  we 
carry  the  results  of  this  hypothesis  to  numerical  exactness,  the 
observed  phenomena  are  very  far  from  agreeing  with  this  idea. 
Moreover,  it  is  difficult,  perhaps  impossible,  to  imagine  how  any 
known  naturaf  cause,  or  combination  of  causes,  should  produce 
such  a  result  as  a  shattering  of  a  planet  But  since  the  limits  of 
our  knowledge  are  not  necessarily  the  limits  of  possibility,  this  . 
objection  is  not  fatal,  and  it  is  difficult  to  say  what  weight  ought 
to  be  assigned  for  it,'*  In  this  elaborate  investigation,  Mr.  Newcomb 
has  discussed  the  possibility  of  the  orbits  of  all  the  planetoids 
having  once  intersected  in  a  common  point,  and  whether  they  have 
ever  been  materially  affected  by  a  resisting  medium.  He  has  also 
computed  the  relations  between  the  mean  distances,  excentricities, 
and  inclinations  of  the  orbits ;  and  also  between  the  masses  and 
the  velocities  with  which  they  must  have  been  projected,  if 
Olbers'  hypothesis  be  true.  The  conclusion  to  which  Mr.  Newcomb 
has  arrived  is,  that  though  there  are  some  peculiarities  in  the 
mutual  relations  between  the  orbits  of  the  planetoids  which  might 
favour  this  hypothesis,  yet  there  are  a  far  greater  number  of  cases 
which  undoubtedly  negative  the  assumption.  Taking,  however, 
the  break  in  Bode's  law  as  an  argument  in  support  of  a  shattered 
planet,  there  ai-e  many  astronomers  still  inclined  to  regard  it  as  a 
subject  open  to  speculation. 

378.  Voroe  of  ffravity  on  tbe  planetoids. — From  the  minute- 
ness of  their  masses,  the  force  of  gravity  on  the  surfaces  of  these 
bodies  must  be  very  inconsiderable,  and  this  would  account  for  a 
much  greater  altitude  of  their  atmospheres  than  is  observed  on  the 
larger  planets,  since  the  same  volume  of  air  feebly  attracted  would 
dilate  into  a  volume  comparatively  enormous.  Muscular  power 
would  be  more  efficacious  on  them  in  the  same  proportion.  Thus 
a  man  might  spring  upwards  sixty  or  eighty  perpendicular  feet,  and 
i-etum  to  the  ground  sustaining  no  greater  shock  than  would  be  felt 
upon  the  earth  in  descending  from  the  height  of  two  or  three  feet. 
**  On  such  planets/'  observes  Herschel,  ^*  giants  might  exist,  and 
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those  enormoiu  animals  which  on  earth  require  the  buojrant  power 
of  water  to  counteract  their  weight'' 
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379.  Jovian  system. — Passing  across  the  wide  space  which 
lies  beyond  the  range  of  the  planet^  which  with  the  earth,  revolve 
as  it  were  under  the  wing  of  the  sun,  —  a  space  which  was  regaitled 
as  an  anomalous  desert  in  the  planetary  i*egions  until  contemporary 
explorera  found  there  what  seem  to  be  the  ruins  of  a  shattered 
world,  —  we  aiTive  at  the  theatre  of  other  and  more  stupendous 
cosmical  phenomena.  The  succession  of  planets,  broken  by  the 
absence  of  one  in  the  place  occupied  by  the  planetoids,  is  i*e8umed, 
and  four  orbs  are  found  constructed  upon  a  comparatively  Titanic 
scale,  each  attended  by  a  splendid  system  of  moons  presenting  a 
miniature  of  the  solar  system  itself,  and  revolving  round  the  common 
centre  of  light,  heat,  and  attraction  at  distances  which  almost  con- 
found the  imagination. 

380.  Perioa.  —  The  synodic  peiiod  of  Jupiter  is  ascertained  by 
observation  to  be  about  399  days.  Its  sidereal  peiiod  is  4332-6 
days,  or  1 1  -86  years. 

381.  Distance  ftotn  the  sun. — The  mean  distance  of  Jupiter 
from  the  sun  is  about  ^3  times  that  of  the  earth,  and  since  the  earth's 
mean  distance  is  9 1  ^  millions  of  miles,  that  of  Jupiter  must  be 
47  5  ^  millions  of  miles. 

The  excentricity  of  Jupiter's  orbit  being  0048,  this  distance  is 
liable  to  variation,  being  augmented  in  aphelion  and  diminished  in 
perihelion  by  23  millions  of  miles.  The  greate>t  distance  of  the 
planet  from  the  sun  is  therefore  498,  and  the  least  493  millions  of 
miles. 

The  sniull  excentncity  of  the  orbit  of  this  planet,  combined  with 
its  sniidl  inclination  to  the  plane  of  the  ecliptic,  is  of  great  impor- 
tance in  its  effect  in  limiting  the  distm-bances  consequent  upon  its 
mass,  which  is  ^^reater  than  the  aggregate  of  the  masses  of  all  the 
other  planets  primary  and  secondary  taken  together.  If  the  orbit 
of  Jupiter  had  an  excentricity  and  inclination  as  considerable  as 
those  of  the  planet  Juno,  the  perturbations  produced  by  his  mass 
upon  the  motions  of  the  other  bodies  of  the  system,  would  be 
twenty-seven  times  gi'eater  than  they  iu-e  with  its  present  small 
excentricity  and  inclination. 
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382.  melatiTe  soalo  of  tlie  orbits  of  Jnpitor  ana  tlio  oarUi. 

— The  relatiye  magnitudes  of  the  distances  of  Jupiter  and  the  earth 
from  the  sun,  and  the  apparent  magnitude  of  the  orbit  of  the  earth 
as  seen  from  Jupiter,  are  represent^  in^.  65,  where  the  planet  is 
at  J,  the  Sim  at  8,  and  the  orbit  of  the  earth  e  e'  b^''  e''. 

The  direction  of  the  orbital  motions  being  represented  by  tho 
arrows,  it  will  be  evident  that  when  the  earth  is  at  £  the  planet  is 
in  opposition,  at  s''^  in  conjunction,  at  s^  in  quadrature  west,  and  at 
k"  in  quadrature  east  of  the  sun. 

383.  Zts  prodiffloiis  orbital  Toloeltjr.  —  The  velocities  with 
which  the  planets  move  through  space  in  their  circumsolar  courses 
are  on  the  same  prodigious  scale  as  their  distances  and  magnitudes. 
It  is  impossible,  by  the  mere  numerical  expression  of  these  enor- 
mous magnitudes  and  motions,  to  acquire  any  tolerably  clear  or 
distinct  notion  of  them.  A  cannon  ball  moving  at  the  rate  of  500 
miles  an  hour  would  take  nearly  a  century  to  come  from  Jupiter  to 
the  earth,  even  when  the  planet  is  nearest  to  us,  and  a  steam-engine 
moving  on  a  railway  at  50  miles  an  hour  would  take  nine  centuries 
to  perform  the  same  tiip. 

Taking  the  diameter  of  Jupiter*s  orbit  at  1 000  millions  of  miles, 
its  circumference  is  above  3000  millions  of  miles,  which  it  moves 
over  in  4333  days.  The  distance  it  travels  is,  therefore,  about 
7CX),ooo  miles  per  day,  30,000  per  hour,  500  per  minute,  and  8^  per 
second, —  a  speed  sixty  times  greater  than  that  of  a  cannon  ball. 

384.  Tnplter  bas  no  sensible  pbases.  —  The  mere  inspection 
of  the  diagram,^.  65,  will  show  that  this  planet  cannot  be  sensibly 
gibbous  in  any  position.  The  position  in  which  the  enlightened 
hemisphere  is  in  view  must  obliquely  is  when  the  earth  is  at  e'  or 
e",  and  the  planet  consequently  iu  quadrature,  and  even  then  the 
centre  of  the  visible  hemisphere  is  only  1 1°  distant  from  the  centre 
of  the  enlightened  hemisphere. 

385.  Appearance  In  tbe  firmament  at  nlffbt. —  Since 
between  quadrature  and  opposition  the  planet  is  above  the  horizon 
during  the  greater  part  of  the  night,  and  appears  with  a  full  phase, 
it  is  thus  favourably  placed  for  observation  during  6  months  in 
13  months. 

386.  Stations  ana  retrogression.  —  From  a  comparison  of 
the  orbital  motions  and  distance  of  Jupiter  and  the  earth,  it  appears 
that  the  planet  is  stationaiy  at  about  two  months  before  and  two 
months  after  opposition  ;  and  since  the  earth  gains  upon  the  planet 
at  the  daily  rate  of  o°*902,  the  angle  it  gains  in  two  months  or  sixty 
days  must  be  54°*  1 2.  The  angular  distance  of  the  points  of  sta- 
tion from  opposition,  im  seen  from  the  sun,  is  therefore  about  54®, 
which  corresponds  to  an  elongation  of  1 1 4°. 

The  planet  is  therefore  stationary  at  about  66®  on  each  side  of  it* 
opposition. 

R 
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Its  arc  of  retrogression  is  a  little  less  than  lo^^  and  the  time  of 
describing  it  varies  from  1 1 7  to  1 23  days. 

387.  Apparent  ana  real  atameters.  —  The  apparent  diameter 
of  Jupiter  when  in  opposition  varies  from  42"  to  48'',  according 
to  the  relative  positions  of  the  planet  and  the  earth  in  their 
elliptic  orbits.  At  its  mean  opposition  distance  from  the  earth  its 
apparent  magnitude  is  45'^  In  conjunction  the  mean  apparent 
diameter  is  30'^,  its  value  at  the  mean  distance  from  the  earth 
being  374''. 

According  to  the  most  accurate  methods,  the  mean  diameter  is 
ascertained  to  be  84,846  miles.  The  diameter  of  Jupiter  is  there- 
fore 1070  times  that  of  the  earth. 

388.  Jnplter  a  oonspionons  object  in  the  flrmament  — 
relative  splenaoar  of  Jupiter  and  ICars.  —  Although  the 
apparent  magnitude  of  Jupiter  is  less  than  that  of  Venus,  the  former 
is  a  more  conspicuous  and  more  easily  observable  object,  inasmuch 
as  when  in  opposition  it  is  in  the  meridian  at  midnight,  and  when 
its  opposition  takes  place  in  winter,  it  passes  the  meridian  at  an 
altitude  nearly  equal  to  that  which  the  sun  has  at  the  summer 
solstice.  By  reason,  therefore,  of  this  circumstance,  and  the 
complete  absence  of  all  solar  light,  the  splendour  of  the  planet  is 
very  great,  whereas  Venus,  even  at  the  greatest  elongation, 
descends  generally  near  the  horizon  before  the  entire  cessation  of 
twilight. 

The  apparent  splendour  of  a  planet  depends  conjointly  on  the 
apparent  area  of  its  disk,  and  the  intensity  of  the  illumination  of  its 
surface.  The  area  of  t)ie  disk  is  propoi-tional  to  the  square  of  its 
apparent  diameter,  and  the  illumination  of  the  smface  depends 
conjointly  on  the  intensity  of  the  sun's  light  at  the  planet,  and  the 
reflecting  power  of  the  surface.  On  comparing  Mars  with  Jupiter, 
we  find  the  apparent  splendour  of  the  latter  planet  much  greater  than 
it  ought  to  be,  as  compared  with  the  former,  if  the  reflecting  power 
of  these  surfaces  were  the  same,  and  are  consequently  compelled  to 
conclude  that  the  surface  of  Mars  is  endowed  with  some  physical 
quality,  in  virtue  of  which  it  absorbs  much  more  of  the  solar  light 
incident  upon  it  than  that  of  Jupiter  does.  When  the  apparent 
diameter  of  the  latter  is  twice  that  of  the  former,  its  apparent  area 
is  fourfold  that  of  the  former.  But  the  intensity  of  the  solar  light 
at  Jupiter  is  at  the  same  time  about  thirteen  times  less  than  at 
Mars ;  and  if  the  reflective  power  of  the  surfaces  wei-e  equal,  the 
apparent  splendour  of  Mars  woidd  be  more  than  three  times  that 
of  Jupiter.  The  reflective  power  must,  therefore,  be  less  in  a 
sufficient  proportion  to  explain  the  inferior  splendour  of  Mars,  unless, 
indeed,  the  very  improbable  supposition  be  admitted  that  there  may 
be  a  source  of  light  in  Jupiter  independent  of  solar  illumination. 


THE  MAJOR  PLANETSi—JUPITER. 


*35 


389.  Snrfkoo  ana  ▼olome. — ^The  surface  of  Jupiter  is  above 
1 1 5  times,  and  its  volume  about  1233  times,  those  of  the  earth. 

To  produce  a  globe  such  as  that  of  Jupiter,  it  would  be  ne- 
cessary to  mould  into  a  single  globe  1 23 3  globes  like  that  of  the 
earth. 

The  relative  magnitudes  of  the  globes  of  Jupiter  and  the  eartb 
are  represented  in^^.  66  by  j  and  e. 


kO 
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390.  Solar  llgrlit  and  heat.  —  The  mean  distance  of  Jupiter 
from  tlie  sun  being  5*2  times  that  of  the  earth,  the  apparent 
•iiameter  of  the  sun   to  tlie  inhabitants  of  that  planet  will  be 


Fig  67. 

It^s  than  its  apparent  diameter  at  tlie  enrth  in  the  proportion  of 
5*2  to  I.  The  relative  apparent  magnitudes  of  the  disk  of  the 
sun  at  Jupiter  and  at  the  eai-th  are  represented  in^.  67  at  E  aud  i. 
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The  density  of  solar  radiation  being  in  the  exact  proportion  of 
the  apparent  superficial  magnitudes  of  the  disks,  the  illuminating 
and  heating  powers  of  the  sun  will^  ceteris  paribus,  be  less  in  the 
same  proportion  at  Jupiter  than  at  the  earth. 

As  has  been  already  observed,  however,  this  diminished  power 
as  well  of  illumination  as  of  warmth,  may  be  compensated  by  other 
physical  provisions. 

391.  SotatioB  ana  dlreoUon  of  the  axis. —  Although  the 
lineaments  of  light  ^d  shade  on  Jupiter's  disk  are  generally 
subject  to  variations,  which  prove  them  to  be,  for  the  most  part, 
atmospheric,  nevertheless  permanent  marks  have  been  occasionally 

.seen,  by  means  of  which  the  diurnal  rotation  and  the  direction  of 
the  axis  have  been  ascertained  within  very  minute  limits  of  error. 
The  earlier  observers,  whose  instruments  were  imperfect,  and 
observations  consequently  inaccurate  comparatively  with  those  of 
more  recent  date,  ascertained  neyertheless  the  period  of  rotation 
with  a  degree  of  approximation  to  the  results  of  the  most  elaborate 
observations  of  the  present  day  which  is  truly  surprising,  as  may 
appear  by  the  following  statement  of  the  estimates  of  various 
astronomers :  — 

h    m      B 

C««!.inl  (1665)  - 9560 

SiUabelle 9    56      o 

Schrdier  (1786)         -  -  -  -  -  -9    55H 

Airy 9    55    tl6 

Miidler  (1835)  -  -  -  -  -  -9JJ    ^'$t> 

The  estimate  of  Professor  Airy  is  based  upon  a  set  of  observations 
made  at  the  Cambridge  Observatory.  That  of  Mddler  is  foimded 
upon  a  series  of  observations,  commencing  on  the  3rd  of  November, 
l834«and  continued  upon  every  clear  night  until  April,  1835, 
during  which  interval  the  planet  made  400  revolutions.  These 
observations  were  favoured  by  the  presence  of  two  renioi'kable 
spots  near  the  equator  of  the  planet^  which  retained  their  position 
unaltered  for  several  months.  The  period  was  determined  by  ob- 
serving the  moments  at  which  the  centres  of  the  spots  arrived  at 
the  middle  of  the  disk. 

The  direction  of  the  apparent  motion  of  the  spots  gave  the  posi- 
tion of  the  equator,  and  consequently  of  the  axis,  which  is  inclined 
to  the  plane  of  the  planet's  orbit  at  an  angle  of  3°  6'. 

The  length  of  the  Jovian  day  is  therefore  less  than  that  of  the 
terrestrial  day  in  the  ratio  of  596  to  1440,  or  i  to  2*42. 

392.  JoTian  years. —  Since  the  period  of  Jupiter  is  4332*6 
terrestrial  days,  it  will  consist  of  10484'9  Jovian  days.* 

•  The  day  here  computed  is  the  sidereal  day,  which,  in  the  case  of  the 
snperior  planets,  differs  frum  the  mean  solnr  day  by  a  quantity  so  insignifi- 
sant  that  it  may  be  neglected  in  such  illustrations  as  these. 
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393.  BeaaoBfl. —  At  the  Jovian  equinoxes  the  length  of  the 
day  in  terrestrial  time  must  be  4"*  57"  43* "3.  Owing  to  the  very 
small  obliquity  of  the  plane  of  the  planet's  equator  to  that  of  its 
orbit,  not  much  exceeding  the  eighth  part  of  the  obliquity  of  the 
earth's  equator,  the  ditlerence  of  the  extreme  length  of  the  days 
at  midsummer  and  midwinter,  even  at  high  latitudes,  must  neces- 
sarily be  small.    Thus  at 

h    m  • 

Lat.4oP.— L''nge«td«r  -  -  -  -  -s6j6 

Shortest  day  -  -  -  -  -449    14 

Difference  -  •  -    o    17    11 

lAt  6gP.  —  Longest  day  -  -  -  -  -    5    15    47 

Shortest  day  -  -  -  -  -    4    39    53 

Difference  -  -  "    o    3$    54 

The  diurnal  phenomena  at  midwinter  and  midsummer  on  the 
earth  in  latitudes  higher  than  66  J®  are  only  exhibited  on  Jupiter 
within  a  small  circle  circumscribing  the  pole  at  a  distance  of 
i^6'. 

The  extremes  of  temperature,  so  far  as  they  depend  on  the 
varying  distance  of  the  planet  from  the  sun,  being  in  the  propor- 
tion of  the  squares  of  the  aphelion  and  perihelion  distances,  are  as 
5  to  6  nearly. 

It  appears,  therefore,  that  except  in  the  near  neighbourhood  of 
the  poles,  the  vicissitudes  of  temperature  and  season  to  which  the 
surface  of  this  planet  is  exposed,  whether  arising  from  the  obli- 
quity of  its  axis  or  the  excentricity  of  its  orbit,  are  confined  within 
extremely  narrow  limits. 

394.  Telescopic  appearance  of  Jupiter.  —  Of  all  the  bodies 
of  the  system,  the  moon  perhaps  alone  excepted,  Jupiter  presents 
to  the  telescopic  ob8er>'er  the  most  magnificent  spectacle.  Not- 
withstanding its  vast  distance,  such  is  its  stupendous  magnitude 
that  it  is  seen  under  a  visual  angle  nearly  twice  that  of  Mars.  A 
telescope  of  a  given  power,  therefore,  shows  it  with  an  apparent 
disk  four  times  greater.  It  has,  consequently,  been  submitted  to 
examination  by  the  most  eminent  obseivera,  and  its  appearances 
described  with  great  minuteness  of  detail. 

395.  Mavnifyiny  powers  necessary  to  sbow  the  features 
of  the  aisk.  —  A  power  of  four  or  five  is  sufficient  to  enable  the 
observer  to  see  the  planet  with  a  sensible  disk  ;  a  power  of  thirty 
shows  the  more  prominent  belts  and  the  oval  form  of  the  disk 
produced  by  the  oblateness  of  the  spheroid ;  but  to  be  enabled  to 
observe  the  finer  streaks  which  prevail  at  greater  distances  from 
the  planet's  equator,  it  is  not  only  necessary  to  see  the  planet  under 
favourable  circumstances  of  position  and  atmosphere,  but  to  be 
aided  by  a  well-defining  telescope  with  magnifying  powers  varying 
fi-om  200  to  300. 
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396.  SatlB — their  mirrmmgwmmmx  and  •ppiwmniec. — llie 
planet,  when  thns  viewed,  appears  to  exhibit  a  disky  the  ground  of 
which  ia  a  light  yellowish  c^our,  brightest  near  ita  equator,  and 
melting  gradually  into  a  leaden-coloured  grey  towards  the  polea, 
stiU  retaining,  neverthelese,  somewhat  of  its  yellowish  hue.  Upon 
this  ground  are  seen  a  series  of  brownish-grey  streaks,  resembung 
in  their  form  and  arrangement  the  streaks  of  clouds  which  are 
often  observed  in  the  sky  on  a  fine  calm  evening  after  sunset. 
Many  observers  have  noticed  the  colour  of  these  stieaks  as  having 
a  reddish  tinge,  a  pale  brick-red.  Their  general  direction  is 
parallel  to  the  equator  of  the  planet,  though  sometimes  a  departure 
from  strict  parallelism  is  observable.  They  are  not  all  equally 
conspicuous  or  distinctly  defined.  Two  are  generally  strildngly 
observable,  being  extended  north  and  south  of  the  planet*8  equator, 
separated  by  a  bright  yellow  zone,  being  a  part  of  the  general 
ground  of  the  disk.  These  principal  streaks  commonly  extend 
around  the  globe  of  the  planet,  being  visible  without  much  change 
of  form  during  an  entire  revolution  of  Jupiter.  This,  however,  is 
not  always  the  ca<«e,  for  it  has  happened,  though  rarely,  that  one  of 
these  streaks,  at  a  certain  point,  was  broken  sharply  ofi*  so  as  to 
present  to  the  observer,  an  extremity  so  well  defined  and  un- 
varying for  a  considerable  time  as  to  supply  the  means  of  ascer- 
tainmg,  with  a  very  close  approximation,  the  time  of  the  planet *s 
rotation.  The  borders  of  these  principal  streaks  are  sometimes 
sharp  and  even,  but,  sometimes  (those  especially  which  are  further 
from  the  equator)  nigged  and  uneven,  throwing  out  arms  and 
offshoots. 

397.  Those  near  the  poles  more  ttJnU  —  On  the  parts  of 
the  disk  more  remote  from  the  equator,  the  sti-eaks  are  much  more 
faint,  narrower,  and  less  regular  in  their  parallelism,  and  can 
seldom  be  distinctly  seen,  except  by  practised  obserx-ers,  with  good 
telescopes.  With  these,  however,  what  appears  near  the  poles,  in 
instruments  of  inferior  power,  as  a  dim  shading  of  a  yellowish 
grey  hue,  is  resolved  into  a  system  of  fine  parallel  streaks  in  close 
juxtaposition,  which  becoming  closer,  in  approaching  the  pole, 
finally  coalesce. 

398.  IMsappoar  near  the  limb. — In  general,  all  the  streaks 
become  less  and  less  distinct  towards  either  the  eastert  or  western 
limb,  disappearing  altogether  at  the  limb  itself. 

399.  Belts  not  aenoffraphioal  features,  but  atmospherte* 
— Although  these  streaks  have  infinitely  greater  permanency  than 
the  arrangements  of  the  clouds  of  our  atmosphere,  and  are,  as  we 
have  seen,  even  more  permanent  than  is  necessary  for  the  exact 
determination  of  the  planet's  rotation,  they  are  nevertheless  entirely 
destitute  of  that  permanence  which  would  characterise  Zenographic 
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feataresy  such  as  are  observed,  for  example,  on  Ma».  The  sti^aks, 
on  the  contrary,  are  subject  to  slow  but  evident  variations,  so  that 
after  the  lapse  of  some  months  the  appearance  of  the  disk  is  totally 
changed. 

400.  Telescopic  drawings  of  Tnplter  by  BKildler  and  Ber- 
•cbel. — These  general  observations  on  the  appearance  of  Jupiter's 
disk  will  be  rendered  more  clearly  intelligible  by  reference  to  the 
telescopic  drawings  of  the  planet  given  in  Plate  XIX.  In  fig.  1 
is  given  a  telescopic  view  of  the  disk  delineated  by  Sir  John 
Herschel,  as  it  appeared  in  the  20-feet  reflector  at  Slough  on  the 
23rd  of  September,  1832.  The  other  views  were  made  by  M. 
Madler  from  observations  taken  in  1835  and  1836,  at  the  dates 
indicated  on  the  plate. 

401.  Observations  and  conclusions  of  Madler. — The  two 
black  spots  represented  m  figs.  2^  3,  and  4,  were  those  by  which 
the  time  of  rotation  was  determined  (391).  They  were  first 
observed  by  Madler,  on  the  3rd  of  November,  1834.  The  effect  of 
the  rotation  of  these  spots  was  so  apparent  that  their  change  of 
position  with  relation  to  the  centre  of  the  disk,  in  the  short  interval 
of  five  minutes,  was  quite  perceivable.  A  thii-d  spot,  much  more 
faint  than  these,  was  visible  at  the  same  time,  the  distances  sepa- 
rating the  spots  being  about  24°  of  the  planet's  surface.  It  was 
estimated  that  the  diameter  of  each  of  the  two  spots  represented 
in  the  diagrams  was  3680  miles,  and  the  distance  between  them 
was  sometimes  observed  to  increase  at  the  rat«  of  half  a  degree,  or 
330  miles,  in  a  month.  The  two  spots  continued  to  be  distinctly 
visible  from  the  3rd  of  November,  1 834,  when  they  were  first  ob- 
served, imtil  the  18th  of  April,  1835  ;  but  during  this  interval  the 
streak  on  which  they  were  placed,  had  entirely  disappeared.  It 
became  gradually  fainter  in  January  (see  fig.  4),  and  entirely 
vanished  in  February ;  the  spots,  however,  retaining  all  their  dis- 
tinctness. The  planet  after  April  passing  towards  conjunction, 
was  lost  in  the  light  of  the  sun ;  and  when  it  reappeared  in 
August,  after  conjunction,  the  spots  had  altogether  vanished. 

The  observations  being  continued,  the  drawings,  figs.  5,  and  6, 
were  made  from  obsen'ations  on  the  16th  and  17th  of  January, 
1836,  when  the  entire  aspect  of  the  disk  was  changed.  The  two 
figures  5  and  6  represent  opposite  hemispheres  of  the  planet. 
The  former  presents  a  striking  resemblance  to  the  principal  belts 
in  the  drawing  of  Sir  J.  Herschel, ^^7.  1. 

It  was  remarked  that  the  two  spots,  when  carried  round  by  the 
rotation,  became  invisible  at  55°  to  57®  from  the  centre  of  the 
disk.  This  is  an  effect  which  would  be  produced  if  the  spots  were 
openings  in  the  mass  of  clouds  floating  in  the  atmosphere  of  the 
planet,  and  would  be  explicable  in  the  same  manner  as  is  the  dis- 
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appearance  of  spots  on  the  sun  in  approaching  the  edges  of  the 
disk.  A  proper  motion  with  a  slow  velocity,  and  in  a  direction 
contrary  to  the  rotation  of  the  planet,  was  observed  to  affect  the 
spots,  and  this  motion  continued  with  greater  uniformity  in  March 
and  April,  after  the  disappearance  of  the  belt. 

It  was  calculated  that  the  velocity  of  their  proper  motion  over 
the  surface  of  the  planet,  was  at  the  rate  of  horn  three  to  four 
miles  au  hour. 

Although  the  two  black  spots  were  not  observed  by  Madler 
until  the  first  days  of  November,  they  had  been  previously  seen 
and  examined  by  Schwabe,  who  observed  them  to  undergo  several 
curious  changes,  in  one  of  which  one  of  them  disappeared  for  a 
certain  interval,  its  place  being  occupied  by  a  mass  of  fine  dots. 
It  soon,  however,  reappeared  as  before. 

From  all  these  circumstances,  and  many  others  developed  in  the 
course  of  his  extensive  and  long-continued  observations,  Madler 
considers  it  highly  probable,  if  not  absolutely  certain,  that  the 
atmosphere  of  Jupiter  is  continually  charged  with  vast  masses  ot 
clouds  which  completely  conceal  his  surface;  that  these  clouds 
have  a  permanence  of  form,  position,  and  arrangement  to  which 
there  is  nothing  analogous  in  the  atmosphere  of  the  earth,  and 
that  such  permanence  may  in  some  degi*ee  be  explained  by  the 
great  length  and  very  small  variation  of  the  seasons.  He  thinks 
it  probable  that  the  inhabitants  of  places  in  latitudes  above  40° 
never  behold  the  firmament,  and  those  in  lower  latitudes  only  on 
rare  occasions. 

To  these  inferences  it  may  be  added  that  the  probable  cause 
assigned  for  the  distribution  of  the  masses  of  clouds  in  streaks 
parallel  to  the  equator,  is  the  prevalence  of  atmospheric  currents 
analogous  to  the  trades,  and  arising  from  a  like  cause,  but  marked 
by  a  constancy,  intensity,  and  regularity  exceeding  those  which 
prevail  on  the  earth,  inasmuch  as  the  diurnal  motion  of  the  sur- 
face of  Jupiter  is  more  mpid  than  that  of  the  earth  in  the  com- 
bined proportion  of  the  velocity  of  the  diurnal  rotation  and  the 
magnitude  of  the  circumference,  that  is,  as  27  to  i  nearly. 

It  is  also  probable  that  the  bright  yellowish  general  ground  of 
Jupiter's  disk  consists  of  clouds,  which  reflect  light  much  more 
strongly  than  the  most  dense  masses  which  are  seen  illuminated 
by  the  sim  in  our  atmosphere ;  and  that  the  darker  streaks  and 
spots  observed  upon  the  disk  are  portions  of  the  atmosphere, 
either  free  from  clouds  and  through  which  the  surface  of  the 
planet  is  visible  more  or  less  distinctly,  or  clouds  of  less  density 
and  less  reflecting  power  than  those  which  float  over  the  general 
atmosphere  and  form  the  gi*ound  on  which  the  belts  and  spots  are 
seen. 
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That  the  atmosphere  has  not  any  very  extraordiuary  height 
above  the  surface  of  the  planet,  is  proved  by  the  sharply  defined 
edge  of  the  disk.  1£  its  height  bore  any  considerable  proportion 
to  the  diameter  of  the  planet,  the  light  towards  the  edges  of  the 
^isk  would  become  gradually  fainter,  and  the  edges  would  be 
nebulous  and  ill-defined.    The  reverse  is  the  case. 

402.  Bpberoiaal  form  of  tlia  planet.  — The  disk  of  Jupiter, 
seen  with  magnifying  powers  as  low  as  30,  is  evidently  oval,  the 
lesser  axis  of  the  ellipse  coinciding  with  the  axis  of  rotation,  and 
being  perpendicular  to  the  general  direction  of  the  belts.  This 
fact  supplies  a  striking  confirmation  of  the  results  attained  in  the 
measurement  of  the  curvature  of  the  earth ;  and,  as  in  the  case  of 
the  earth,  the  degree  of  oblateness  of  Jupiter  is  found  to  be  that 
which  would  be  produced  upon  a  globe  of  the  same  magnitude, 
having  a  rotation  such  as  the  planet  is  observed  to  have. 

At  the  mean  distance  from  the  earth,  the  apparent  diameters  of 
the  disk  are  ascertained  by  exact  micrometric  measures  made  at  the 
Royal  Observatory,  between  the  years  1 840  and  1 85 1,  to  be  — 

Equatorial  diameter  ......    jt^-oi 

Polar  diameter        .  -  .  -  •  .  .55*66 

Mean  diameter  *    3^  79 

The  polar  diameter  is  therefore  less  than  the  equatorial,  in  the 
ratio  of  icx)  to  106*3. 

403.  Jnplter**  satellites.  —  When  Galileo  directed  the  first 
telescope  to  the  examination  of  Jupiter,  he  observed  four  minute 
stars,  which  appeared  in  the  line  of  the  equator  of  the  planet. 
He  toi)k  these  at  first  to  be  fixed  stars,  but  was  soon  imdeceived. 
He  saw  them  alternately  approach  to,  and  recede  from  the  planet^ 
obsert'ed  them  pass  behind  it  and  before  it ;  and  oscillate,  as  it 
were,  to  the  right  and  the  left  of  it,  to  certain  limited  and  equal 
distances.  He  soon  arrived  at  the  obvious  conclusion  that  these 
objects  were  not  fixed  stars,  but  that  they  were  bodies  which 
i-evolved  round  Jupiter  in  orbits,  at  limited  distances,  and  that 
each  successive  body  included  the  orbit  of  the  others  within  it ; 
in  short,  that  they  formed  a  miniature  of  the  solar  system,  in 
which,  however,  Jupiter  himself  played  the  part  of  the  sun.  As 
the  telescope  improved,  it  became  apparent  that  these  bodies  were 
small  globes,  related  to  Jupiter  in  the  same  manner  exactly  as  the 
moon  is  related  to  the  earth ;  that,  in  fact,  they  were  a  system  of 
four  moons,  accompanying  Jupiter  i-ound  the  sun. 

404.  Rapid  cbangre  and  grreat  variety  of  phases. — But  con- 
nected with  these  appendapres  thoi*e  is  perhaps  nothing  more  re- 
markable than  the  period  of  their  revolutions.    That  moon  which 
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is  nearest  to  Jupiter,  completes  its  reyolution  in  forty- two  hours. 
In  that  brief  space  of  time  it  goes  through  all  its  various  phases  ; 
it  is  a  thin  crescent,  halved,  gibbous,  and  full.  It  must  be  remem- 
bered, however,  that  the  day  of  Jupiter,  instead  of  being  twenty- 
four  hours,  is  less  than  ten  hours.  This  moon,  therefore,  has  a, 
month  equal  to  a  little  more  than  four  Jovian  days.  In  each  day 
it  passes  through  one  complete  quarter ;  thus,  on  the  first  day  of 
the  month  it  passes  from  the  thinnest  crescent  to  the  half  moon ; 
on  the  second,  from  the  half  moon  to  the  full  moon ;  on  the  third, 
from  the  full  moon  to  the  last  quai'ter ;  and  on  the  fourth  returns 
to  conjunction  with  the  sun.  So  rapid  are  these  changes  that  they 
must  be  actually  visible  as  they  proceed. 

The  apparent  motion  of  this  satellite  in  the  firmament  of  Jupiter 
is  at  the  rate  of  more  than  8^°  per  hour,  and  is  the  same  as  if  our 
moon  were  to  move  over  a  space  equal  to  her  own  apparent  dia- 
meter, in  less  than  four  minutes.  Such  an  object  would  serve 
the  purpose  of  the  hand  of  a  stupendous  celestial  clock. 

The  second  satellite  completes  its  revolution  in  about  eighty-five 
ten*estrial  hours,  or  about  eight  and  a  half  Jovian  days.  It  passes, 
therefore,  from  quarter  to  quarter  in  twenty-one  hours,  or  about 
two  Jovian  days,  its  apparent  motion  in  the  firmament  being  at 
the  rate  of  about  4°'2  5  per  hour,  which  is  as  if  our  moon  were  to 
move  over  a  space  equal  to  nine  times  its  own  diameter  per  hour, 
or  over  its  own  diameter  in  less  than  seven  minutes. 

The  movements  and  changes  of  phase  of  the  other  two  moons 
are  not  so  rapid.  The  tliird  passes  through  its  phases  in  about  1 70 
hours,  or  seventeen  Jovian  days,  and  its  .apparent  motion  is  at  the 
rate  of  about  2°  per  hour.  The  fourth  and  lost  completes  its 
changes  in  400  hours,  or  forty  Jovian  days,  and  its  apparent 
motion  is  at  the  rate  of  little  less  than  i  °  per  hour,  being  double 
the  apparent  motion  of  our  moon. 

Thus  the  inhabitants  of  Jupiter  have  four  different  months  of 
four,  eight,  seventeen,  and  forty  Jovian  days,  respectively. 

405.  Blonffation  of  tbe  satelllteB. — The  appearance  which 
the  satellites  of  Jupiter  present  when  viewed  with  a  telescope  of 
moderate  power,  is  that  of  minute  stars  ranged  in  the  direction  of 
a  line  drawn  through  the  centre  of  the  planet's  disk  nearly  parallel 
to  the  direction  of  the  belts,  and  therefore  coinciding  with  that 
of  the  planet's  equator.  The  distances  to  which  they  depart  on  the 
one  side  or  the  other  of  the  planet  are  so  limited,  that  the  whole 
system  is  included  within  the  field  of  any  telescope  whose  magni- 
fying power  is  not  considerable ;  and  their  elongations  from  the 
centre  of  the  planet  can  therefore  be  measured  with  great  precision 
by  means  of  the  wire  micrometers. 

When  the  apparent  diameter  of  the  planet  in  opposition  is  45'', 
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the  greatest  elongations  of  the  satellites  from  the  centre  of  the 
planet's  disk  are  as  follow :  — 


I.  - 

II.  - 

III.  . 

IV.  - 


IJS" 


:\2 

-   58s 


It  follows^  therefore,  that  the  entire  system  is  comprised  within  a 
visual  area  of  about  1 200'^  in  extent,  being  two-thirds  of  the  ap- 
parent diameter  of  the  moon.  If,  therefore,  we  conceive  the  moon's 
disk  to  be  centrically  superposed  on  that  of  Jupiter,  not  only  would 
all  the  satellites  be  covered  by  it,  but  that  which  elongates  itself 
most  from  the  planet  would  not  approach  nearer  to  the  moon's  edge 
than  one-sixth  of  its  apparent  diameter. 

If  all  the  satellites  were  at  the  same  time  at  their  greatest  elon- 
gations, they  would,  relatively  to  the  apparent  diameter  of  the 
planet,  present  the  appeai-ance  represented  in  Ji(/.  68. 


Fig.  68. 

406.  BUtances  ftrom  Jnpltar.  —  The  actual  distances  of  the 
satellites  from  the  centre  of  the  pliinet  may  be  immediately  inferred 
from  a  comparison  of  their  greatest  elongations  with  the  appai-ent 
semi-diameter  of  the  planet  Since,  in  the  case  above  supposed, 
the  apparent  semi-diameter  of  the  planet  is  2 2"- 5,  the  distances 
will  be  found  expressed  with  reference  to  the  semi-diameter  as  the 
unit,  by  dividing  the  greatest  elongations  expressed  in  seconds  by 
22*5.     This  gives  for  the  distances :  — 

I.      .        .        -Ui=6c 

II.       .  .  .£Ii=.96 

xi-5 

IIL       -  -  -   ill«i5-4 

IV.       -        -         .551,=  1610 

lis 

Relatively  to  the  magnitude  of  the  planet,  therefore,  the  satellites 
revolve  much  closer  to  it  than  the  moon  does  to  the  earth.  The 
distance  of  the  moon  is  nearly  60  semi-diameters  of  the  earth, 
while  the  distance  of  the  most  remote  of  Jupiter's  moons  is  not 
more  than  26  semi-diameters,  and  that  of  the  nearest  only  six, 
from  his  centre. 

Owing,  however,  to  the  greater  dimensions  of  Jupiter^  tbA 
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actual  distances  of  the  satellites,  expressed  in  miles,  are  (except 
that  of  the  first)  considerably  greater  than  the  distance  of  the  moon 
from  the  eaith. 

407.  Orbits  of  aatelUtea. — The  orbits  of  the  satellites  are 
eUipses  of  very  small  ellipticity,  inclined  to  the  plane  of  Jupiter's 
orbit  at  very  small  angles,  as  is  made  apparent  by  their  motions 
being  always  very  nearly  coincident  with  the  plane  of  the  planet's 
equator,  which  is  inclined  to  that  of  its  orbit  at  the  small  angle  of 
30  5'  30". 

408.  Apparent  and  real  marnttades. — The  satellites,  al- 
though reduced  by  distance  to  mere  lucid  points  in  ordinary  tele- 
scopes, not  only  exhibit  perceptible  disks  when  observed  by 
instruments  of  sufficient  power,  but  admit  of  pretty  acciurate 
measurement.  At  opposition,  when  the  apparent  diameter  of  the 
planet  is  45^',  all  the  satellites  subtend  angles  exceeding  i'^,  and 
the  third  and  fourth  appear  imder  angles  of  i}''and  l^'^  By 
obser\'ing  these  apparent  diame^rs  with  all  practicable  precision, 
their  real  diameters  have  been  ascertained  as  follows :  — 

milM. 

I.     .        -        -         --2548. 

II.  -  -  -  -  =  aiox. 
Ill  ....  =3432. 
IV «  2936. 

It  appears,  therefore,  that  with  the  exception  of  the  second,  which 
is  exactly  equal  in  magnitude  to  the  earth's  moon,  all  the  others 
are  on  a  much  larger  scale ;  and  one  of  them,  the  third,  is  greater 
than  the  planet  Mercury,  while  the  fourth  is  very  nearly  equal  to  it. 

Some  observers  make  the  diameters  slightly  different  from  those 
inserted  above. 

409.  Apparent  maffnitudes  as  seen  from  Jupiter. — By 
comparing  their  real  diameters  with  their  distances,  the  apparent 
diameters  of  the  several  satellites,  as  seen  from  Jupiter,  may  be 
easily  ascertained.  By  dividing  the  actual  distances  of  the  satellites 
fix)m  Jupiter  by  206,265,  we  obtaiu  the  linear  value  of  i"  at  such 
distance ;  and  by  dividing  the  actual  diameters  of  the  satellites 
respectively  by  this  value,  we  obtain,  in  seconds,  their  apparent 
diameters  as  seen  from  Jupiter. 

In  making  this  calculation,  however,  it  is  necessary  to  take  into 
account  the  magnitude  of  the  semi-diameter  of  the  planet,  which  is 
assumed  to  be  42,42  3  miles ;  since  it  is  from  the  surface,  and  not 
from  the  centre,  that  the  satellite  is  viewed. 

It  follows,  from  a  calculation  made  on  these  principles,  using  the 
values  inserted  in  (406)  and  (408),  that  the  apparent  magnitudes 
of  the  four  satellites,  seen  from  any  part  of  the  surface  not  far 
removed  from  the  equator  of  the  planet,  are,  for  the  first  35'  50'^, 
for  the  second  1 8'  40",  for  the  third  1 8'  1 2",  and  for  the  fourth  • 
8'  sS". 
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The  first  satellite,  tberefore,  has  an  apparent  diameter  equal  to 
that  of  the  moon ;  the  second  and  third  are  nearly  equal,  and  about 
half  that  diameter ;  and  the  apparent  diameter  of  liie  other  satel- 
lite is  about  the  fourth  part  of  that  of  the  moon. 

It  may  be  easily  imagined  what  various  and  interesting  noctur- 
nal phenomena  are  witnessed  by  the  inhabitants  of  Jupiter,  when 
the  various  magnitudes  of  these  four  moons  are  combined  with  the 
quick  succession  of  their- phases,  and  the  rapid  apparent  motions  of 
the  first  and  second. 

By  the  relation  between  the  mean  motions  of  the  first  three 
satellites,  they  never  can  be  at  the  same  time  on  the  same  side 
of  Jupiter ;  so  that  whenever  any  one  of  them  is  absent  from  the 
firmament  of  the  planet  at  night,  one  at  least  of  the  others  must  be 
present.  The  Jovian  nights  are,  therefore,  always  moonlit,  except 
during  eclipses  (which  take  place  at  every  revolution),  and  often 
enlightened  at  once  by  three  moons  of  different  apparent  magnitudes, 
and  seen  imder  different  phases. 

410.  Apparent  maffnitudes  of  Jupiter  as  seen  ftrom.tbe 
satellites. — Since  the  apparent  diameter  of  the  planet  seen  from 
a  satellite  is  twice  its  horizontal  parallax,  that  of  each  satellite  as 
viewed  from  the  surface  of  Jupiter,  being  respectively  about 
9°*5,  6°,  3®*6,  and  z***!,  it  follows  that  the  apparent  diameter  of 
Jupiter  seen  from  the  first  satellite  is  about  1 9°,  from  the  second 
12°,  from  the  third  7°*2,  and  from  the  fourth  4°*2.  The  disk  of 
Jupiter,  therefore,  appears  to  the  first  with  a  diameter  eighteen 
times  greater,  and  a  surface  320  times  greater  than  that  of  the  full 
moon. 

41 1.  Mass  of  Jupiter.— The  following  are  the  estimates  of  the 
mass  of  the  planet  obtained  by  processes  susceptible  of  great 
\  recision,  that  of  the  sim  being  unity : 


Laplace - 

- 

1 

.067 

Sartini  - 

- 

1 

1050 

Nicolal  . 

- 

1 
1054 

BeM^l    - 

- 

t 

1047-87 

Airy 

- 

I 
104677 

Kriig-r  - 

• 

104716 

The  computations  by  MM.  Airy,  Santini,  and  Bessel  were  con- 
ducted on  principles  such  as  to  secure  the  greatest  attainable 
precision,  and  their  results  have  been  confirmed  by  M.  Kriiger 
from  the  perturbations  produced  by  Jupiter  on  Themis. 

Since  the  mass  of  the  sun  is  about  315,000  times  that  of  the 
earth,  while  it  is  only  1050  times  that  of  Jupiter,  it  follows  that 
the  mass  of  Jupiter  exceeds  that  of  the  earth  in  the  ratio  of  3 1 50 
to  10*50,  or  300  to  I. 

The  comparatively  gi'eat  mass  of  Jupiter  explains  the  very  short 
periods  of  his  satellites  compared  with  that  of  the  moon. 
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At  greater  distances  from  Jupiter  than  that  df  the  moon  from 
the  earth,  they  nevertheless  revolye  in  periods  much  shorter  than 
that  of  th«  moon,  and  are  affected  hy  centrifugal  forces,  which 
exceed  that  of  the  moon  in  a  ratio  which  may  he  determined  hy 
the  periods  and  distances,  and  which  must  be  resisted  by  the  at- 
traction of  a  central  mass  proportionally  greater  than  that  of  the 
earth.  It  would  be  easy  to  show  that,  if  the  earth  were  attended 
by  a  similar  system  of  moons,  at  like  distances  from  its  centre, 
their  periods  would  be  about  eighteen  times  greater  than  those  of 
Jupiter's  satellites. 

412.  Their  mntaal  perturbatioBB. —  The  mutual  attractions 
of  the  masses  of  the  satellites,  and  the  inequality  of  the  attraction 
of  the  sun  upon  them,  produce  an  extremely  complicated  system 
of  disturbing  actions  on  their  motions,  which  has  nevertheless  been 
brought  with  great  success  under  the  dominion  of  analysis  by 
Laplace  and  Lagrange.  This  is  especially  the  case  with  the  three 
inner  satellites,  whose  motions,  but  for  this  cause,  would  be 
sensibly  uniform.  The  effect  of  these  disturbing  forces  is  never- 
theless mitigated  and  limited  by  the  very  small  excentricities  and 
inclinations  of  the  orbits  of  the  satellites. 

413.  Benalty  of  Jupiter. —  The  volume  of  Jupiter  bein<r 
gi-eater  than  that  of  the  earth  in  the  ratio  of  1233  to  i,  while  its 
mass  is  greater  in  the  inferior  ratio  of  300  to  I  nearly,  it  follows, 
that  the  density  of  the  matter  composing  the  planet,  is  less  than 
the  mean  density  of  the  earth  in  the  ratio  of  the  above  numbers,  or 
02433 1.  ^^  mean  density  is,  therefore,  about  one-fourth  of  that 
of  the  earth. 

414.  Masses  and  densities  of  tbe  satellites. — The  masses  of 
the  satellites  are  deteraiined  by  their  mutual  disturbances,  mid 
the  densities  are  deduced  as  usual  from  a  comparison  of  these 
masses  with  their  volumes.  In  the  following  table  are  given  the 
masses  as  compared  with  the  primary  and  with  the  earth,  and  their 
densities  as  compared  with  the  earth  and  with  water. 


Satellit*. 

Mu,th4t  of  Jupiter 

Mau.ih!tt  of  Earth 

Dw»lfy,  that  of  Earth 

Density,  that  of  Water 

1. 
11. 
Ill 
IV. 

O-O00O17J 

OOOOOZJl 

o^»ooW5 
0*00004*7 

0*00?2C 
000698 
0-0166? 
001x85 

015565 

0- 17x85 
OJ164I 
0-15 156 

0  88x55 
X  11406 

1  85086 
14x635 

Thus  it  appears  that  the  density  of.  the  matter  composinp'  the 
firpt  satellite  is  about  two-thirds  that  of  Jupiter,  that  of  the  fourth 
satellite  is  about  equal,  while  those  of  the  second  and  third  are 
considerably  in  excess  of  the  density  of  Jupiter.  The  density  of 
tbe  second  satellite  is  therefore  more  than  twice  that  of  water. 
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II.  Satitrn. 

415.  Satamlan  system. — Beyond  the  orbit  of  Jupiter  a  spact 
but  little  less  in  width  than  that  which  separates  that  planet  from 
the  sun  is  unoccupied  by  any  body  of  sufficient  mass  to  influence 
the  movements  of  the  two  largest  planets,  or  of  sufficient  magni- 
tude to  be  visible  from  the  earth.  Possibly  in  this  great  interval 
of  space,  minute  cosmical  bodies  may  be  revolving  round  the  sun 
in  the  same  manner  as  the  known  planetoids  between  Mars  and 
Jupiter.  This  supposition  is  not  an  impossible  one,  for  if  Sylvia 
and  Camilla,  the  most  distant  of  the  minor  planets,  are  found  to 
revolve  round  the  sun  with  the  most  perfect  regularity,  it  is  no 
f^tretch  of  imagination  to  suppose  that  minute  cosmical  bodies 
pervade  the  whole  solar  system  from  the  sun  to  Neptune.  But 
thougli  this  large  space  appears  to  be  unoccupied,  its  limit 
contains  the  most  extraordinary  and  beautiful  object  among  the 
planets,  one  that  has  excited  the  admiration  of  every  astronomer 
since  Galileo  first  noticed  the  oval  nature  of  its  form.  This 
stupendous  globe,  nearly  seven  hundred  times  greater  in  volume 
than  the  earth,  is  surrounded  by  three  rings,  at  least,  and  probably 
by  several  thin  flat  rings  of  solid  matter,  outside  which  revolves, 
in  perfect  harmony,  a  group  of  eight  moons,  some  of  which  are  of 
considerable  magnitude.  All  this  complicated  system  of  worlds 
move  with  a  common  motion  so  exactly  maintained,  that  no  one 
part  falls  upon,  overtakes,  or  is  overtaken  by  another,  in  their 
course  round  the  sun. 

Such  is  the  Saturnian  system,  the  central  body  of  which 
only  was  known  as  a  planet  to  the  ancient*,  the  annular  ap- 
pendages and  satellites  having  nil  been  discovered  in  comparatively 
modern  times,  since  the  invention  of  the  telescope.  Interesting, 
however,  as  this  remarkable  collection  of  object^  undoubtedly  is, 
not  altogether  from  it  containing  the  only  ringed  planet,  but  also 
on  account  of  the  magnitude  of  the  system,  it  is,  as  a  whole,  a 
far  less  popular  system  than  that  of  Jupiter  and  its  four  attendant 
moons,  which  can  be  observed  ordinarily  with  a  telescope  of  low 
power ;  whereas  some  of  the  satellites  of  Saturn  are  rarely  seen, 
except  through  very  powerful  instruments. 

416.  Period. — By  the  usual  methods  the  sidereal  period  of 
Saturn  has  been  ascertained  to  be  10759*22  days,  or  29*457  years. 
The  mean  heliocentric  motion  is  therefore  I2°*23  annually,  or 
about  2'  daily,  and  the  synodic  period  about  378  days. 

417.  Mean  and  extreme  distances  f^om  tlie  son. — The 
mean  distance  from  the  sun  is  9*539;  or  more  exactly  9538852, 
that  of  the  earth  being  unity. 

Taking  the  earth's  mean  distance  as  91^  millions  of  miles,  that 
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of  Satam  will  tben  be  872  millions  of  miles.  The  excentricitj 
of  Saturn's  orbit  being  0056,  this  distance  is  liable  to  Tariation, 
being  augmented  in  aphelion,  and  diminished  in  perihelion  bj  the 
eighteenth  part  of  it8  whole  amount  The  greatest  distance  of  the 
planet  from  the  sun  is  therefore  about  921,  and  the  least  is  about 
823,  millions  of  miles. 

418.  XelatiTa  aeato  of  or^tt 
and  distaaee  flrom  flie  eartli. 
— The  relative  proportion  of  the 
orbits  of  Saturn  and  the  earth  are 
represented  in^^.  69,  where  SB's" 
is  the  earth's  orbit;  and  s  s'  Saturn's 
distance  from  the  sun.  The  four 
positions  of  the  earth  indicated 
are, 

E  when  the  planet  is  in  oppo- 
sition. 

e'''  when  the  planet  is  in  conjunc- 
tion. 

vf   in  quadrature  west  of  the  sun. 

g''  in  quadrature  east  of  the  sun. 

4)9.  Great  aeale  of  the  orbi- 
tal motion.  —  The  distance  of 
Saturn  from  the  sun  is  therefore 
so  enormous,  that  if  the  whole 
earth's  orbit,  measiuing  nearly  200 
millions  of  miles  in  diameter  were 
tilled  with  a  sun,  that  sun  seen 
from  Saturn  would  be  only  about 
twenty-four  times  greater  in  its  ap- 
parent diameter  than  is  the  actual 
sun  seen  from  the  earth.  A  cannon 
ball,  mo\'ing  at  500  miles  an  hour, 
would  take  about  200  years,  and  a 
railway  train,  moving  50  miles  an 
hour,  would  take  about  2000  years 
to  move  from  Saturn  to  the  sun. 
Light,  which  moves  at  the  rate  of 
about  184,000  miles  per  second, 
takes  I  hour  19  minutes  to  move 
over  the  same  distance.  Yet  to 
this  distance  solar  gravitation  transmits  its  mandates,  and  is 
obeyed  with  the  utmost  promptitude  and  the  most  unerring  pre- 
ciifffozL 


Fig.  69. 
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Taking  the  diameter  of  Saturn's  orbit  at  1 744  millions  of  miles, 
its  circumference  is  5479  millions  of  miles,  over  which  it  moves 
in  10,759  t^Ays.  Its  daily  motion  is  therefore  509,280  miles,  and 
its  hourly  21,220  miles. 

420.  Vo  pbases. — It  is  evident  fi-om  what  has  been  explained 
in  relation  to  Jupiter  (384),  that  neither  Saturn  nor  any  more 
distant  planet  can  have  sensible  phases. 

42 1 .  Stations  and  retroffreMion.  — From  a  comparison  of  the 
orbital  motion  and  varying  distance  between  the  earth  and  Satiun, 
it  appears  that  the  stations  of  the  planet  take  place  at  about  65 
days  before  and  after  opposition.  Since  the  earth  gains  upon  the 
planet  at  the  mean  rate  of  0^*9526  per  day,  the  angle  at  the  sun 
corresponding  to  65  days  will  be  6i®-92,  which  corresponds  to  an 
elongation  of  1 1 3°.  The  planet  is  therefore  stationary  at  elonga- 
tion 67®  east  and  west  of  opposition. 

Its  arc  of  retrogression  varies  from  6°4l'  to  6*55'. 

422.  Apparent  and  real  diameter. — This  planet  appears  as 
a  star  of  the  first  magnitude,  with  a  faint  reddish  light.  Its  appa- 
rent brightness,  compared  with  that  of  Mars,  is  greater  than  that 
which  is  due  to  their  apparent  magnitudes  and  distances,  a  circum- 
stance which  is  explained,  as  in  the  case  of  Jupiter,  by  the  more 
feebly  reflective  power  of  the  surface  of  Mars. 

The  disk  is  visibly  oval,  and  traversed,  like  that  of  Jupiter,  by 
streaks  of  light  and  shade  parallel  to  its  greater  axis ;  but  these 
belts  are  much  more  faint  and  less  pronounced  than  those  of  Jupi- 
ter. One  principal  grey  belt,  which  lies  along  the  greater  axis  of 
the  disk,  is  almost  unchangeable. 

Sir  WiUiam  Herschel  imagined  that  the  disk  had  the  form  of  an 
oblong  rectangle,  rounded  at  the  comers,  the  length  being  in  the 
direction  of  the  belts.  More  recent  obser\'ations  and  mici-ometrical 
measurements  made  at  Konigsberg,  by  Professor  Bessel,  and  at 
Greenwich  by  Mr.  Main,  have  shown,  however,  the  true  form  to  be 
an  ellipse.  According  to  the  measures  of  M.  Bessel.  the  apparent 
magnitude  of  the  greater  axis  of  the  disk  is  I7"'053,  and  that  of 
the  lesser  axis  I  5"'39-^..  The  ob?er\'ations  of  Professor  Stnive, 
made  with  the  Dorpat  instruments,  give  i7"-99i  for  the  greater 
axis  ;  tho  difference  of  the  two  estimates,  o"'938,  being  less  than  a 
second.  The  measures  by  Mr.  Main,  in  1 848  and  1 849,  were  made 
when  the  ring  was  invisible,  by  the  double  image  micrometer  (20), 
mounted  on  one  of  the  principal  equatorials  at  the  Royal  Obser- 
vator}'.  The  apparent  angular  magnitude  at  the  planet's  mean 
distance,  resulting  from  these  observations,  is  for  the  equatorial  axis, 
1 7"- 50 1 ,  and  for  the  polar  axis,  i  5 "'604,  giving  for  the  value  of  the 
ellipticity,  ^^. 

At  the  mean  distance  of  Saturn,  the  linear  value  of  one  a^i^^^vcA 
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of  space  is  42  2  8' 2,  the  actual  magnitudes,  therefore,  of  the  equa- 
torial and  polar  diameters  determined  by  the  different  observera 
are  as  follow : — 

Equatorial  Diameter.  Polar  Diameter.  Mean  Diameter. 

Bessel      ....    7^103                    ^5-^  68,596  mile* 

Struve     ....    76,070                    68.X26  71*148      „ 

Main        ....    73,998                    65,977  69.988      ., 


The  differences  in  the  above  results  are  no  greater  than  might 
have  been  expected,  considering  the  difficulty  attending  this  class 
of  astronomical  observation ;  we  may,  therefore,  definitely  assume 
the  actual  diameter  of  the  planet  to  be  about  the  mean  of  the  three 
determinations,  or  for  the  equatorial  diameter,  74,057  miles,  for 
the  polar  diameter,  66,2 1 5  miles,  and  for  the  mean  diameter  of 
the  planet  70,136  miles. 

The  oblateness  or  ellipticity  of  Saturn  may  be  expressed  approxi- 
mately as  equal  to  one-tenth  of  the  greater  axis  of  the  planet. 

423.  Relative  maffnitades  of  Saturn  and  tlie  eartl&. — The 
relative  magnitudes  of  Saturn  and  the  earth  are  represented  mjiff, 
70,  the  volume  of  Saturn  being  696  times  greater  than  that  of  the 
earth. 


Fig.  70. 

424.  Biumal  rotation. — From  observations,  on  the  apparent 
motion  of  spots  on  the  disk  of  the  planet,  it  has  been  ascertained  to 
have  a  motion  of  rotation  upon  the  shorter  axis  of  the  ellipse 
formed  by  its  disk,  in  to'*  29"*  17*.  A  tejrestnal  day  is  therefore 
equal  to  2-2883  Satumian  days. 

425.  Znolination  of  the  axis  to  tlie  orbit. — The  general 
direction  of  the  motion  of  rotation  has  been  ascertained  to  be  such 
that  the  inclination  of  the  equator  of  the  planet  to  the  plane  of  the 
orbit  is  26°  48'  40",  and  its  inclination  to  the  plane  of  the  ecliptic 
18  28^  io'44"7. 

The  axis^  like  that  of  the  earth,  and  those  of  the  other  planets, 
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whose  rotation  has  been  ascertained;  is  carried  parallel  to  itself  in 
the  orbital  motion  of  the  planet 

The  consequence  of  this  arrangement  iS;  that  the  year  of  Satiun 
is  yaned  by  the  same  succession  of  seasons,  subject  to  the  same 
range  of  temperature  as  those  which  prevail  on  our  globe. 

426.  SatnmlaB  days  and  nl^rl^ts.  Tear.  —  The  alternation 
of  light  and  darkness  is  therefore  nearly  the  same  as  upon  Jupiter.^ 
This  rapid  return  of  day,  after  an  interval  of  five  hours  night,  seems 
to  assume  the  character  of  a  law  among  the  major  planets,  as  th^ 
interval  of  twelve  hours  certainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  eqnal  in  duration  to  10,759  terrestrial  ^^7^ 
But  since  a  terrestrial  day  is  equal  to  2*2883  Satumian  days,  ^e 
number  of  Satumian  days  in  the  Satumian  year  must  be  about  24,620. 

427.  Belts  and  atmospliere.  —  Streaks  of  light  and  shade 
parallel  in  their  general  direction  to  the  planet*s  equator  have  been 
observed  on  Saturn,  similar,  in  all  respects,  to  the  belts  of  Jupiter, 
and  affording  like  evidence  of  an  atmosphere  surromiding  the  planet 
attended  with  the  like  system  of  currents  analogous  to  the  trades. 
Such  an  inference  involves,  as  in  the  former  case,  the  admission  of 
liquid  producing  vapour  to  form  clouds  and  other  meteorological 
phenomena. 

428.  Solar  lifftat  and  beat.  —  The  apparent  diameter  of  the 
sun  as  seen  from  Saturn  is  9* 5 39  times  less  than  as  seen  from  the 


Fig.  71 

earth  ;  and  since  its  mean  apparent  diameter,  as  seen  from  the  earth, 
is  1924^',  its  apparent  diameter,  as  seen  &om  Saturn,  must  be 

3'  2 1  "70. 

82 
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The  comparatiTe  apparent  magnitudes  are  represented  in  Jiff,  71, 
where  E  represents  the  disk  of  the  sun  as  seen  from  the  earth,  and 
8  as  seen  (torn  Saturn. 

The  intensity  of  sohur  light  is  less  in  the  ratio  of  i  to  9*539'  =s 
91  ;  and  its  optical  and  calorific  influences  with  this  reduced 
intensity  are  subject  to  the  observations  already  made  in  the  case 
of  Jupiter  (390). 

429.  Ring*.  —  The  invention  of  the  telescope  having  invested 
astronomers  with  the  power  of  approaching,  for  optical  purposes, 
hundreds  of  times  closer  to  the  objects  of  their  obser\'ation;  one  of 
the  earliest  results  of  the  exercise  of  this  improved  sense  was  the 
discovery,  that  the  disk  of  Saturn  difi*ered  in  a  remarkable  manner 
from  those  of  the  other  planets  in  not  being  circular.  It  seemed 
at  first  to  be  a  flattened  oblong  oval,  approaching  to  the  form  of  an 
elongated  rectangle,  rounded  off  at  the  comers.  As  the  optical 
powers  of  the  telescope  were  improved,  it  assumed  the  appearance 
of  a  great  central  disk,  with  two  smaller  disks,  one  at  each  side  of 
it.  These  lateral  disks  took  the  appearance  of  handles  or  ears, 
like  the  handles  of  a  vase  or  jar,  and  they  were  accordingly  called 
the  ansaB  of  the  disk,  a  name  which  they  still  retain.  At  length, 
in  1659,  Iluygens  explained  the  true  cause  of  this  phenomenon,  and 
showed  that  the  planet  is  surrounded  by  a  ring  of  opaque  solid 
matter,  in  the  centre  of  which  it  is  suspended,  and  that  what 
appear  as  ansa)  are  those  parts  of  the  ring  which  lie  beyond  the 
disk  of  the  planet  at  either  side,  which  by  projection  are^reduced 
to  the  form  of  the  parts  of  an  ellipse  near  the  extremities  of  its 
greater  axis,  and  that  the  open  parts  of  the  ansae  are  produced  by 
the  dark  sky  visible  through  the  space  between  the  ring  and  the 
planet. 

The  improved  telescopes  and  greatly  multiplied  number,  and 
increased  zeal  and  activity  of  observers,  have  supplied  much  more 
definite,  information  as  to  the  form,  dimensions,  structure,  and 
position  of  this  most  extraordinary  and  unexampled  appendage. 

It  has  been  ascertained,  that  it  consists  of  an  annular  plate  of 
matter,  the  thickness  of  which  is  very  inconsiderable  compared 
with  the  superficies.  It  is  nearly,  but  not  precisely  concentric 
with  the  planet,  and  in  the  plane  of  its  equator.  This  is  proved 
by  the  coincidence  of  the  plane  of  the  ring  with  the  general  di- 
rection of  the  belts,  and  with  that  of  the  apparent  motion  of  the 
spots  by  which  the  diurnal  rotation  of  the  planet  has  been  as- 
certained. 

When  telescopes  of  adequate  power  are  directed  to  the  ring 
presented  under  a  favourable  aspect,  dark  streaks  are  seen  upon 
its  siu-face  similar  to  the  belts  of  the  planet.  One  of  these  having 
been  observed  to  have  a  permanence  which  seemed  incompatible 
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witb  the  admission  of  the  same  atmospheric  cause  as  that  which 
has  been  assigned  to  the  belts,  it  was  conjectured  that  it  arose 
from  a  real  separation  or  division  of  the  ring  into  two  concentric 
rings  placed  one  within  the  other.  This  conjecture  was  converted 
into  certainty  by  the  discovery,  that  the  same  dark  streak  is  seen 
in  the  same  position  on  both  sides  of  the  ring.  It  has  even  been 
affirmed  by  some  observers  that  stars  have  be^i  seen  in  the  space 
between  the  rings ;  but  this  requires  confirmation.  It  is,  however, 
considered  as  proved,  that  the  system  consists  of  two  concentric 
rings  of  unequal  breadth,  one  placed  outside  the  other  without  any 
mutual  contact 

The  plane  of  the  rings,  being  always  at  right  angles  to  the  axis 
of  the  planet,  is,  like  the  axis,  carried  by  the  orbital  motion  of  the 
planet  parallel  to  itself,  so  that  during  the  year  of  Saturn,  it  under- 
goes changes  of  position  in  relation  to  the  radius  vector  of  the 
planet,  or  to  a  line  drawn  from  the  sun  analogous  to  those  which 
the  earth's  equator  undergoes.  Since  the  plane  of  the  rings  coin- 
cides with  that  of  the  Satumian  equator,  therefore,  it  will  be 
directed  to  the  sun  at  the  epochs  of  the  Satumian  equinoxes; 
and,  in  general,  the  angle  which  the  radius  vector  from  the 
sun  makes  with  the  plane  of  the  ring,  will  be  the  sun's  decli- 
nation as  seen  from  Saturn.  This  angle,  therefore,  at  the  Satumian 
solstices  will  be  equal  to  the  obliquity  of  Satum*s  equator  to  his 
orbit,  that  is,  to  26°  48'  40",  and  at  the  Satumian  equinoxes  will 
be  o°(425). 

430.  Positloii  of  nodes  of  rinf;  aad  Inolination  to  eoliptio. 
—  The  investigation  of  the  position  of  the  plane  of  the  ring  in 
space  was  undertaken  and  conducted  with  great  ability  and  success 
by  Prof.  Bessel,  by  means  of  an  elaborate  comparison  of  all  the 
recorded  observations  on  the  phases  of  the  ring  from  1701  to 
1 832.  The  result  proved  that  the  line  of  intersection  of  the  plane 
of  the  ring,  and,  therefore,  that  of  the  equator  of  the  planet  with 
the  plane  of  the  ecliptic,  is  parallel  to  that  diameter  of  the  celestial 
sphere  which  connects  the  two  opposite  points  whose  longitudes 
are  166°  53'  8"-9  and  346°  53'  8"-9,  the  former  being  the  longi- 
tude of  the  point  at  which  the  rings  pass  from  the  south  to  the 
north  of  the  ecliptic,  and  which  is,  therefore,  the  ascending  node 
of  the  rings.  It  also  resulted  from  this  investigation  that  the 
angle  formed  by  the  plane  of  the  rings,  and,  therefore,  of  the 
Satumian  equator  with  the  plane  of  the  ecliptic,  is  28°  lo'  44"7. 

These  longitudes  and  obliquity  were  those  which  corresponded 
to  the  I  st  of  January,  1 800.  It  was  shown  that  the  nodes  of  the 
ring  have  a  direct  motion  in  longitude  of  46 "'46 2  per  annum, 
tlieir  retrograde  motion  on  the  ecliptic  being  about  4". 

It  resulted  from  the  observations  of  Professor  Stmve,  made  with 
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the  great  Dorpat  refractor,  that  the  obliquity  of  the  plane  of  the 
ring  to  that  of  the  ecliptic  is  28^  5'  54'';  subject  to  a  possible  error 
of6'24^ 

The  observations  and  measurements  of  these  two  eminent  astro- 
nomers are,  therefore,  in  as  perfect  accordance  as  the  degree  of 
perfection  to  which  the  instruments  of  observation  have  been 
brought  admits. 

431.  Apparent  and  real  dimenaloiia  of  the  rln^s.  —  The 
breadth  of  the  rings  as  well  as  of  the  intervals  which  separate 
them  from  each  other  and  from  the  planet,  have  been  submitted  to 
very  precise  micrometric  observations ;  and  the  results  obtained 
by  different  observers  do  not  differ  from  each  other  by  a  fortieth 
part  of  the  whole  quantity  measiu^d.  In  the  following  table  are 
given  the  results  of  the  micrometric  observations  of  Professor 
Str  uve,  reduced  to  the  mean  distance. 


S«»mUdf*meter  of  the  planet 
Exterior  lemi -diameter  of  exterior-ring 
Interior  d'».  d  •• 

Breadrli  of  exterior  ring - 
Exterior  semi-diameter  t>f  interior  rtng 
Interior        do.  do. . 

Kreadtii  of  interior  ring  -  -  - 

Wl.ltli  of  intcrral  between  tiie  riiftts      - 
Width  of  interval  between  planet  and 

interior  ring     -  -  -  - 

Breadth  of  the  double  ring,  including 

interval-  -  -  -         •- 
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h 
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I '016 

71.88I 

V 

1}  134 
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b-V 

rw 

0  4J4 

i6.$o| 

m'—b 
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1.711     1 
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a^b' 
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The  relative  dimensions  of  the  two  rings,  and  of  the  planet 
within  thftm,  are  represented  in^.  72,  projected  upon  the  common 
plane  of  the  rings  and  the  planet's  equator.  Each  division  of  the 
subjoined  scale  represents  5,000  miles. 

The  visual  angle  subtended  at  the  earth  by  the  extreme  diameter 
of  the  external  ring,  when  the  planet  is  in  opposition,  is  48", 
which  ie  about  one  thirty-seventh  part  of  the  moon^s  apparent 
diameter. 

432.  TliloluieM  of  tlie  rinrs. —  The  thickness  of  the  rings  is 
so  extremely  minute,  that  the  nicest  micrometric  observations 
have  hitherto  failed  to  supply  the  data  necessary  to  determine  it 
with  any  degree  of  precision  or  certainty.  It  is  so  inconsiderable, 
that  when  the  plane  of  the  ring  is  directed  to  the  earth,  and,  con- 
sequently, the  edge  alone  is  presented  to  the  eye,  it  is  invisible 
even  with  telescopes  of  great  power,  or,  if  seen,  it  is  so  imperfectly 
defined  as  to  elude  all  micrometric  observation.  When  it  was  in 
this  position  in  1833,  Sir  J.  Herschel  obser\'ed  it  with  a  telescope, 
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which  would  certainly  have  rendered  distinctly  visible  a  line  of 
light  one  twentieth  of  a  second  in  breadth.  Since  the  linear  value 
of  V^  at  Satum*s  mean  distance  is  ab3ut  4228  miles,  it  would 


follow  that  the  thickness  is  less  than  2  lo.  Sir  J.  Herschel  admits, 
however,  that  it  may  possibly  be  so  great  as  250  miles. 

The  thickness,  is,  therefore,  certainly  less  than  the  1 00th  part 
of  the  extreme  breadth  of  the  two  rings,  and  according  to  the  scale 
on  which  the^^.  72  is  drawn,  it  would  be  represented  by  the 
thickness  of  a  leaf  of  the  volume  now  before  the  reader. 

433.  Conditions  under  wbiob  tbe  rinff  becomes  invisible 
from  tbe  eartb.  —  The  rings  of  Saturn  viewed  from  the  earth 
may  become  invisible,  either  because  the  parts  presented  to  the  eye 
are  not  illuminated  by  the  sun,  or,  being  illuminated,  have  dimen- 
sions too  small  to  subtend  a  sensible  visual  angle. 

In  every  position  assumed  by  the  planet  in  its  orbital  motion, 
one  side  or  the  other  of  the  rings  is  illuminated  with  more  or  less 
intensity,  except  at  the  Satumian  equinoxes,  when,  the  plane  of  the 
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ruig  passing  through  the  sun^  its  edge  alone  is  illuminated.  Owing 
to  the  extreme  thinness  of  the  plate  of  matter  composing  the  rings, 
they  cease  in  this  case  to  be  visible,  except  by  feeble  and  uncertain 
indications  observed  with  high  magnifying  powers.  It  has  been 
inferred  by  Sir  John  Herschel,  from  observations  made  with  tele- 
scopes of  great  power,  that  the  major  limit  of  their  possible  thick- 
ness is  2  50  miles.  The  visual  angle  which  this  thickness  would 
subtend  at  the  distance  of  Saturn  in  opposition,  is  o'''o64.  The 
visual  angle  would,  therefore,  be  less  than  the  fifteenth  part  of  a 
second. 

The  rings,  therefore,  disappear  from  this  cause  at  Satuni*s 
equinoxes,  which  occur  at  intervals  of  14}  years. 

When  the  dark  side  of  the  rings  is  exposed  to  the  earth,  it  is 
evident  that  the  sun  and  earth  must  be  on  opposite  sides  of  the 
plane  of  the  rings,  and  therefore  that  plane  must  have  such  a 
position  that  its  direction  would  pass  between  the  sun  and  the 
earth.  ThiA  can  only  happen  within  a  certain  limited  distance  of 
the  planet's  equinoxes. 

The  disappearance  of  the  rings  of  Saturn  was  well  witnessed  at 
the  Saturuian  equinox  in  1 848.  The  northern  surface  of  the  ring 
had  then  been  visible  for  nearly  fifteen  years.  The  motions  of  the 
planet  and  the  earth  brought  the  plane  of  the  ring  to  that  positiou 
on  the  22nd  of  April  in  which,  its  edge  being  presented  to  tlie 
earth,  it  became  invisible,  the  sun  being  still  north  of  the  plane. 
On  the  3rd  of  September  the  sun,  passing  through  the  plane  of  the 
ring,  illuminated  its  southern  surface,  and,  the  earth  being  on  the 
same  side,  the  ring  was  visible.  On  the  1 2th,  the  earth  again 
passing  through  the  plane  of  the  ring,  its  northern  surface  was 
exposed  to  the  observer,  which  was  invisible,  the  sun  being  on  the 
southern  side.  The  ring  continued  thus  to  be  invisible  until  the 
1 8th  of  January,  1 849,  when,  the  earth  once  more  passing  through 
the  plane  of  the  ring,  the  southern  surface  illuminated  by  the 
sun  came  into  view.  This  side  of  the  ring  continued  to  be  ex- 
posed to  both  the  earth  and  the  sun  until  1861-2,  the  epoch 
of  the  last  equinox,  when  a  like  succession  of  appearances  and 
disappearances  took  place, — the  sun  and  earth  eventually  pass- 
ing to  the  northern  side,  on  which  they  will  continue  for  a  like 
interval. 

434.  8olimldt*s  observations  and  drawin^B  of  Saturn  witli 
tbe  rinff  seen  edgeways. — At  the  Saturnian  equinox  which 
took  place  in  1848,  a  series  of  observations  was  made  at  Bonn, 
the  results  of  which  have  demonstrated  the  existence  of  great 
inequalities  of  surface  on  the  rings,  having  the  character  of  moun- 
tains of  considerable  elevation.  The  obsen'ations  were  made  and 
published|  accompanied  by  seventeen  drawings  of  the  appearance 
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of  the  planet,  its  belts^  and  ring,  by  M.  Julius  Schmidt,  of  the  Bonn 
Observatory.  * 

We  have  selected  from  these  drawings  four,  which  are  given  in 
Plate  XX. 

On  the  26th  of  June,  the  planet  presented  an  appearance,^,  i , 
closely  resembling  that  of  Jupiter,  except  that  a  dark  streak  was 
seen  along  its  equator,  produced  by  the  shadow  of  the  ring,  the 
earth  being  then  a  little  above  the  common  plane  of  the  ring  and 
the  sun.  A  few  feeble  streaks,  of  a  greyish  colour,  were  visible  on 
each  hemisphere,  which  however  disappeared  towards  the  poles. 
A  very  feeble  star  was  seen  at  the  western  extremity  of  the  ring, 
which  was  supposed  to  be  one  of  the  nearer  satellites.  The  ring 
exhibited  the  appearance  of  a  broken  line  of  light  projecting  from 
each  side  of  the  planet's  disk. 

After  this  day  the  shadow  across  the  planet  disappeared,  but 
was  again  faintly  seen  on  the  25  th  of  July. 

The  ring  continued  to  be  invisible  until  the  3rd  of  September, 
when  a  very  slight  indication  of  it  was  seen,  but  on  the  next  night 
it  became  distinctly  visible  with  an  interruption  in  two  places,  as 
represented  in^.  2.  The  bright  equatorial  belt  was  divided  into 
two  unequal  parts  by  the  rin^,  the  northern  portion  being  the  nar- 
rower. Three  small  satellites  were  seen  on  the  prolongation  of  the 
direction  of  the  ring. 

On  the  5th,  the  ring  was  symmetrically  broken  ou  both  sides, 

On  the  7th,  the  western  side  was  divided  into  three  parts. 

On  the  nth,  the  ring  and  planet  presented  the  appearance 
represented  in^.  4. 

The  broken  and  changing  appearances  of  the  ring  on  this  occa- 
sion can  only  be  explained  by  the  admission  of  great  inequalities 
of  surface  rendering  some  parts  of  the  ring  so  thick  as  to  be  visible, 
and  others  so  thin  as  to  be  invisible,  when  presented  edgeways  to 
the  observer. 

435.  Observations  of  Berscliel.  —  These  observations  of 
Schmidt  are  corroborative  of  those  made  at  a  much  earlier  epoch 
by  Sir  W.  Herechel,  who  discovered  the  existence  of  appearances 
on  the  surface  of  the  rings  indicating  mountainous  inequalities. 

436.  Supposed  multiplicity  of  ringrs. —  Some  observations 
made  at  Rome  and  elsewhere  gave  grounds  for  the  conjecture,  that 
the  outer  ring  instead  of  being  double,  is  quintuple,  and  that 
instead  of  having  a  single  division,  there  are  four.  It  was  even 
affirmed  with  some  confidence,  that  the  ring  was  septuple,  and 
consisted  of  seven  concentric  rings  suspended  in  the  same  plane. 

*  A9troiiomi9cht  Nachrichttiu  Vol.  xxviiL  No.  65a 
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These  coDJectures  were  founded  apim  the  supposed  permanence  of 
the  black  circular  and  concentric  streaks  which  are  observed  upon 
the  surface  of  the  rings,  and  which  are  quite  analogous  to  the  belts 
of  the  planet  This  assumed  permanence  has  not,  however,  been 
re-observed,  although  the  planet  has  been  examined  by  numerous 
observers,  with  telescopes  of  very  superior  power  to  those  with 
which  the  observations  were  made  which  formed  the  ground  of  the 
conjecture. 

The  passage  of  Saturn  diametrically  across  any  fixed  star  of 
sufficient  magnitude,  at  the  epoch  of  the  Satumian  solstice,  when 
the  plane  of  the  ring  is  inclined  at  the  greatest  angle  to  the  visual 
line,  would  supply  the  most  eligible  means  of  testing  the  multiple 
structure  of  the  rings ;  for  in  that  case  the  light  of  the  star  would 
be  seen  with  the  telescope  to  flash  through  each  successive  opening 
between  ring  and  ring,  provided  that  the  width  of  such  opening 
were  sufficient  to  allow  the  visual  ray  to  clear  the  thickness  of  the 
rings. 

437.  Rlnff  probablj  triple — observatfons  of  Messrs. 
iMMueU  and  Bawes. — Nevertheless,  there  are  well  ascertained 
appearances  on  the  surface  of  the  outer  ring,  which  have  been 
thought  to  indicate  a  second  division,  and  that  the  ring  is  triple. 
So  early  as  1838,  Professor  Encke  noticed  an  appearance  which 
indicated  a  division,  and  even  made  drawings  in  which  such  a 
division  is  indicated.  (See  Transcictions  of  the  Berlin  Academy  of 
Sciences,  1838.)  On  the  7th  of  September,  1843,  Messrs.  LasseU 
and  Dawes,  unaware  apparently  of  Encke's  observations,  saw,  with 
a  nine-feet  Newtonian  reflector  constructed  by  Mr.  Lassell,  what 
they  considered  to  be  a  division  of  the  outer  ring.  The  observa- 
tion was  made  under  a  magnifying  power  of  450,  which  gave  a 
sharply  defined  disk  to  the  planet,  and  exhibited  the  principal 
division  of  the  rings  as  a  continuous,  distinctly  seen,  black  streak, 
extending  aU  roimd  the  surface  of  the  ring.  A  dark  line  on  the 
outer  ring,  near  the  extremities  of  the  ellipse,  was  not  only  distinctly 
seen,  but  an  estimate  of  its  breadth,  compared  with  that  of  the 
principal  division,  was  made  by  both  these  observers,  from  which  it 
appeared  that  this  breadth  was  about  one  third  of  the  space  which 
separates  the  two  principal  rings.  Its  place  upon  the  outer  ring 
was  a  little  less  than  half  the  entire  width  of  the  ring  from  the  outer 
edge,  and  it  was  equally  visible  at  both  ends  of  the  ellipse.  No 
appearances  could  be  discovered  of  any  other  divisions,  although 
the  shading  of  the  belts  on  the  inner  ring  was  distinguished. 

438.  Researclies  of  Bessel  corroborate  tliese  conjeotares. 
—  Bessel  compared  all  the  observations  made  on  the  rings  from 
1700  to  1833,  with  the  view  of  detennining  with  more  precision 
the  nodes  of  the  ring,  and  found  that  the  ring  has  frequently  been 
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seen  whon  it  ought  to  have  been  invisible,  if  the  Beyeral  concentric 
rings  of  which  it  consists  were  all  in  the  same  plane  and  had  a 
unifonn  suriace.  He  found  that  the  appearances  and  disappear- 
ances had  no  certain  or  regular  epochs,  and  did  not  correspond 
with  each  other  even  to  the  same  observer,  using  the  same  instru- 
ment. Thus  Schwabe,  at  Dessau,  saw  the  line  of  light  formed  by 
the  rings  near  their  equinox  resolve  itself  into  a  series  of  points. 
Schmidt,  as  has  been  stated,  saw  it  become  a  broken  line,  changing 
its  form  from  night  to  night.  Other  observers  saw  the  ring 
disappear  on  one  side  of  the  disk,  while  it  was  apparent  on  the 
other.  From  all  these  phenomena,  it  is  inferred  that  probably  the 
rings  are  in  planes  slightly  diiferent;  that  their  edge  is^ot  re- 
gularly circular,  but  notched  and  dinged ;  and  that  their  surfaces  are 
characterised  by  considerable  mountainous  imdulations. 

439.  Disoovenr  of  an  inner  rinr  imperfisotlj  refleotlTe  and 
partlall  J  transparent.  —  But  the  most  surprising  result  of  recent 
telescopic  observations  of  this  planet  has  been  the  discovery  of  a 
ring,  composed,  as  it  would  appear,  of  matter  reflecting  light  much 
more  imperfectly  than  the  planet  or  the  rings  already  described ; 
and  what  is  still  more  extraordinary,  transparent  to  such  a  degree, 
that  the  body  of  the  planet  can  be  seen  through  it. 

In  1838,  Dr.  Goalie,  at  that  time  assistant  at  the  Berlin  observa- 
tory, noticed  a  phenomenon,  which  he  described  as  a  gradual 
shading  off  of  the  inner  ring  towards  the  surface  of  the  planet,  as 
if  the  solid  matter  of  the  ring  were  continued  beyond  the  limit  of 
its  illuminated  surface,  this  continuation  of  the  surface  being 
rendered  -visible  by  a  very  feeble  illumination  such  as  would  attend 
a  penumbra  upon  it;  and  measures  of  this  obscure  surface  were 
published  by  him  in  the  Transactions  of  the  Berlin  Academy  of 
Sciences  of  that  year. 

The  subject,  however,  attracted  very  little  attention  until  to- 
wards the  close  of  1 850,  when  Professor  Bond  of  Cambridge,  Mas- 
sachusetts, U.S.  and  Mr.  Pawes  in  England,  not  only  recogni»ed  the 
phenomenon  noticed  by  Dr.  Galle,  but  ascertained  its  character 
and  features  with  great  precision.  The  observations  of  Professor 
Bond  which  were  made  on  the  1 5  th  of  November,  were  not  known 
in  England  until  the  4th  of  December ;  but  the  phenomenon  was 
very  fully  and  satisfactorily  seen  and  described  by  Mr.  Dawes,  on 
the  29th  of  November.  That  astronomer,  on  the  3rd  of  December, 
called  the  attention  of  Mr.  Lassell  to  it,  who  also  witnessed  it  on 
that  evening  at  the  observatory  of  'Mr.  Dawes ;  and  both  imme- 
diately published  their  observations  and  descriptions  of  it,  which 
appeared  in  Europe  simidtaneously  with  those  of  Professor  Bond. 

It  was  not,  however,  until  1852  that  the  transparency  was  fully 
ascertained.     From  some  observations  made  in  September,  Mxv 
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Dawes  strongly  suspected  its  existence,  and  about  the  same  time 
it  was  clearly  seen  at  Madras  by  Captain  Jacob,  and  in  October  by 
Mr.  Lassell  at  Malta,  whitber  he  had  removed  his  20-feet  reflector 
to  obtain  the  advantages  of  a  lower  latitude  and  more  serene  sky. 
The  result  of  these  observations  has  been  the  conclusive  proof  of 
the  unique  phenomenon  of  a  semi-transparent  annular  appendage 
to  this  planet. 

440.  Brawinr  of  the  planet  and  ringm  as  seen  bj  Mr. 
Bawee. — The  planet  surrounded  by  this  compound  system  of 
rings  is  represented  in  Plate  XXI.  The  drawing  is  reduced  fix)m 
the  original  sketch,  made  by  Mr.  Dawes,  of  the  planet  as  seen 
with  his  refractor  of  65  inch  aperture,  at  Wateringbury,  in  Novem- 
ber 1852.  Another  representation  of  the  planet  as  seen  by  Mr. 
Lassell  at  Malta,  in  December  1852,  has  been  lithographed,  and 
is  almost  identical  with  that  of  Mr.  Dawes.  In  both  drawings  tha 
form  and  appearance  of  the  obscure  ring  and  its  partial  transparency 
are  rendered  quite  manifest  The  principal  division  of  the  bright 
rings  is  visible  throughout  its  entire  circumference.  The  black 
line,  supposed  to  be  a  division  of  the  outer  ring,  is  visible  in  the 
drawing  of  Mr.  Dawes ;  but  was  not  at  all  seen  by  Mr.  Lassell. 

A  remarkably  bright  thin  line,  at  the  inner  edge  of  the  inner 
bright  ring,  which  appears  in  the  Plate  XXI.,  was  distinctly  seen 
by  Mr.  Dawes  in  1851  and  1852. 

The  inner  bright  ring  is  always  a  little  brighter  than  the  planet. 
It  is  not,  however,  uniformly  bright.  Its  illumination  is  most 
intense  at  the  outer  edge,  and  grows  gradually  fainter  towards  the 
inner  edge,  where  it  is  so  feeble  as  to  render  it  somewhat  difficult 
to  ascertain  its  exact  limit.  It  would  seem  as  if  the  imperfectly 
reflective  quality  at  the  inner  edge  approaches  to  that  of  the  obscm-e 
ring  recently  discovered.  The  open  space  between  the  ring  and 
the  planet  has  the  same  colour  as  the  surrounding  sky. 

441.  Beesel*e  ealculation  of  the  maae  of  tlie  rinffs*— Bessel 
has  attempted  to  determine  the  mass  of  the  system  of  rings  by  the 
perturbation  they  produce'  upon  the  orbit  of  the  sixth  satellite. 
He  estimates  it  at  i-i  18th  part  of  the  mass  of  the  planet  The 
thickness  of  the  rings  being  too  minute  for  measurement,  no  esti- 
mate of  the  density  of  the  matter  composing  them  can  be  hence 
obtained ;  but  if  the  density  be  assumed  to  be  equal  to  that  of  the 
planet  (which  will  be  explained  hereafter),  it  would  follow  that 
the  thickness  of  the  rings  would  be  about  138  miles,  which  is  not 
far  from  the  estimate  of  their  thickness  made  by  observers.  If  this 
thickness  be  admitted,  the  edge  of  the  rings  would  subtend  an 
angle  of  the  1-3  2nd  part  of  a  second  at  Saturn's  mean  distance. 
Hence  it  will  be  imderstood  that  the  ring  must  disappear,  even  in 
powerful  telescopes,  when  presented  edgeways. 
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442.  BtabUltj  of  the  rinffs. — One  of  the  circumstances  at- 
tending this  planet,  which  has  excited  most  general  astonishment, 
is  the  fact  that  the  globe  of  the  planet,  and  two,  not  to  say  more, 
stupendous  rings,  carried  round  the  sun  with  a  yelocity  of  22,000 
miles  an  hour,  subject  to  a  periodical  variation  not  inconsiderable, 
due  to  the  yarying  distance  of  the  planet  from  the  sun,  should 
nevertheless  maintain  their  relative  position  for  countless  ages  un- 
disturbed, the  globe  of  the  planet  remaining  still  poised  in  the 
middle  of  the  rings,  and  the  lings,  two  or  several,  as  the  case  may 
be,  remaining  one  within  the  other  without  material  connection  or 
apparent  contact,  no  one  of  the  parts  of  this  most  marvellous 
combination  having  ever  gained  or  lost  ground  upon  the  other, 
and  no  apparent  approach  to  collision  having  taken  place,  not- 
withstanding innumerable  disturbing  actions  of  bodies  external  to 
them. 

443.  Cause  aasiiTiied  for  this  etabillty. — The  happy  thought 
of  bringing  the  rings  under  the  common  law  of  gravitation,  which 
gives  stability  to  satellites,  has  supplied  a  striking  and  beautiful 
solution  for  this  question.  The  manner  in  which  the  attraction  of 
gravitation,  combined  with  centrifugal  force,  causes  the  moon  to 
keep  revolving  round  the  earth  without  falling  down  upon  it  by 
its  gravity  on  the  one  hand,  or  receding  indefinitely  from  it  by 
the  centrifugal  force  on  the  othei,  is  well  understood.  In  virtue 
of  the  equality  of  these  forces,  the  moon  keeps  continually  at  the 
same  mean  distance  from  the  earth  while  it  accompanies  the 
earth  round  the  sun.  Now  it  would  be  easy  to  suppose  another 
moon  revolving  by  the  same  law  of  attraction  at  the  same  distance 
from  the  earth.  It  would  revolve  in  the  same  time,  and  with  the 
same  velocity,  as  the  first.  We  may  extend  the  supposition  with 
equal  facility  to  three,  four,  or  a  hundred  moons,  at  the  same  dis- 
tance. Nay,  we  may  suppose  as  many  moons  placed  at  the  same 
distance  round  the  earth  as  would  complete  the  circle,  so  iis  to 
form  a  ring  of  moons  touching  each  other.  They  would  still 
move  in  the  same  manner  and  with  the  same  velocity  as  the  single 
moon. 

If  such  a  ring  of  moons  were  beaten  out  into  the  thin  broad 
flat  rings  which  actually  surround  Satm-n,  the  circumstances 
would  be  somewhat  changed,  inasmuch  as  the  periods  of  fach 
concentric  zone  would  vary  in  a  certain  ratio,  d(;pendinjr  on  its 
distance  from  the  centre  of  Saturn,  so  that  each  such  zone  would 
have  to  revolve  more  rapidly  than  those  within  it,  and  less 
mpidly  than  those  outside  it.  But  if  the  entire  mass  were  cohe- 
rent, as  the  component  parts  of  a  solid  body  are,  the  complete 
riii^'  might  revolve  in  a  periodic  time  less  than  that  due  to  its 
exterior,  and  longer  than  that  due  to  its  interior  parts.     In  fact, 
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the  period  of  its  revolution  would  be  the  period  due  to  a  certain 
zone  lying  near  the  middle  of  its  breadth,  exactly  as  the  time  of 
oscillation  of  a  compound  pendulum  is  that  which  is  proper  to 
the  centre  of  oscillation  (M.  506).  Indeed,  the  case  of  the  oscil- 
lation of  a  pendulum,  and  the  conditions  which  determine  the 
centre  of  oscillation,  afford  a  very  striking  illustration  of  the  physical 
phenomena  here  contemplated. 

444.  Rotation  of  tlie  rinrs*  —  Now  the  observations  of  Sir 
William  Herschel  on  certain  appearances  upon  the  surface  of 
the  rings,  led  to  the  discovery  that  they  actually  have  a  revolu- 
tion round  their  common  centre  and  in  their  own  plane,  and  that 
the  time  of  such  revolution  is  very  nearly  equal  to  the  periodic 
time  of  a  satellite  whose  distance  from  the  centre  of  the  planet 
would  be  equal  to  that  of  the  middle  point  of  the  breadth  of  the 
rings. 

But  if  the  principles  above  explained  be  admitted,  it  would 
follow  that  each  of  the  concentric  zones  into  which  the  ring  is 
divided  would  have  a  different  time  of  revolution,  just  as  satel- 
lites at  different  distances  have  different  periodic  times;  and  it 
is  extremely  probable  that  such  may  be  the  case,  because  no 
observations  hitherto  made  afford  results  sufficiently  exact  and 
conclusive  as  to  either  establish  or  overturn  such  an  hypothesis. 

It  appears,  therefore,  that  the  stability  of  the  rings  is  explicable 
upon  the  same  principle  as  the  stability  of  a  satellite. 

445.  Szcentricity  of  the  rinffs. —  The  fact  that  the  system 
of  rings  is  not  concentrical  with  the  planet  resulted  from  some 
observations  made  by  Messrs.  Harding  and  Schwabe;  after 
which  the  subject  was  taken  up  by  Professor  Struve,  who,  by 
delicate  micrometric  observations  and  measurements  executed 
with  the  great  Doi'pat  instrument,  fully  established  the  fact,  that 
the  centre  of  the  rings  moves  in  a  smeli  orbit  round  the  centre  of 
the  planet,  being  carried  round  by  the  rotation  of  the  rings. 

446.  Arffuinenta  for  the  stability  fonnded  on  the  exeen- 
trieity. —  Sir  John  Herschel  has  indicated,  in  this  deviation  of  the 
centre  of  the  rings  from  the  centre  of  the  planet,  another  source 
of  the  stability  of  the  Satumian  system.  If  the  rings  were 
"  mathematically  perfect  in  their  circular  form,  and  exactly  con- 
centric with  the  planet,  it  is  demonstrable  that  they  would  form 
(in  spite  of  their  centrifugal  force)  a  system  in  a  state  of  mutable 
equilibrium f  which  the  slightest  external  power  would  subvert  — 
not  by  causing  a  rupture  in  the  substance  of  the  rings,  but  by 
precipitating  them,  wtbroken,  on  the  surface  of  the  planet  For 
the  attraction  of  such  a  ring  or  rings  on  a  point  or  sphere  excen- 
trically  situate  within  them  is  not  the  same  in  all  directions,  but 
tends  to  draw  the  point  or  sphere  toward  the  nearest  part  of  the 
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ring,  or  away  from  the  centre.  Hence,  supposing  the  body  to  be- 
come, from  any  cause,  ever  so  little  excentric  to  the  ring,  the 
tendency  of  their  mutual  gravity  is,  not  to  correct  but  to  increase 
this  excentricity,  and  to  bring  the  nearest  parts  of  them  together. 
Now,  external  powers,-  capable  of  producing  such  excentricity, 
exist  in  the  attractions  of  the  satellites :  and  in  order  that  the 
system  may  be  stahUy  and  possess  within  itself  a  power  of  resisting 
the  first  inroads  of  such  a  tendency,  while  yet  nascent  and  feeble, 
and  opposing  them  by  an  opposite  or  maintaining  power,  it  has 
been  shown  that  it  is  sufficient  to  admit  the  rings  to  be  loaded  in 
some  part  of  their  circumference,  either  by  some  minute  inequality 
of  thickness,  or  by  some  portions  being  denser  than  others.  Such 
a  load  would  give  to  the  whole  ring  to  which  it  was  attached 
somewhat  of  the  character  of  a  heavy  and  sluggish  satellite, 
maintaining  itself  in  an  orbit  with  a  certain  energy  sufficient  \Jb 
overcome  minute  causes  of  disturbance,  and  establish  an  average 
bearing  on  its  centre.  But  even  without  supposing  the  existence 
of  any  such  load  —  of  which,  after  all,  we  have  no  proof —  and 
granting,  therefore,  in  its  full  extent,  the  general  instability  of  the 
equilibrium,  we  think  we  perceive,  in  the  periodicity  of  all  the 
causes  of  disturbance,  a  sufficient  guarantee  of  its  preservation. 
However  homely  be  the  illustration,  we  can  conceive  nothing  more 
apt  in  every  way  to  give  a  general  conception  of  this  maintenance 
of  equilibrium,  under  a  constant  tendency  to  subversion,  than  the 
mode  in  which  a  practised  hand  will  sustain  a  long  pole  in  a  per- 
pendicular position  resting  on  the  linger,  by  a  continual  and  almo.st 
imperceptible  variation  of  the  point  of  support  Be  that,  however, 
as  it  may,  the  observed  oscillation  of  the  centres  of  the  rings 
about  that  of  the  planet  is  in  itself  the  evidence  of  a  perpetual  . 
contest  between  conservative  and  destructive  powers  —  both  ex-' 
tremely  feeble,  but  so  antagonising  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable  ascendency,  and  rush- 
ing to  a  catastrophe." 

Sir.  J.  Herschel  further  obsei-ves,  that  since  "  the  least  dif- 
ference of  velocity  between  the  planet  and  the  rings  must  infallibly 
precipitate  the  one  upon  the  other,  never  more  to  separate  (for, 
once  in  contact,  they  would  attain  a  position  of  stable  equilibrium, 
and  be  held  together  ever  after  by  an  immense  force),  it  follows 
either  that  their  motions  in  their  common  orbit  round  the  sun 
must  have  been  adjusted  to  each  other  by  an  external  power  with 
the  minutest  precision,  or  that  the  rings  must  have  been  formed 
nbout  the  planet  while  subject  to  their  conunon  orbital  motion, 
and  under  tlie  full  and  free  influence  of  all  the  acting  forces." 

The  rings  must  obviously  form  a  most  remarkable  object  in  the 
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finnament  to  observers  stationed  on  Saturn,  and  must  play  an  im- 
portant part  in  their  uranography.  The  problem  to  determine 
their  apparent  magnitude,  form,  and  position,  in  illation  to  the 
fixed  stars,  the  sun,  and  Satumian  moons,  has,  therefore,  been 
regarded  as  a  question  of  interesting  speculation,  if  not  of  great 
scientific  importance.  The  subject  has,  accordingly,  more  or  less 
engaged  the  attention  of  astronomers.  The  conclusion,  however,  at 
which  they  have  arrived,  and  the  views  which  have  been  generally 
expressed  and  adopted  respecting  it,  are  open  to  considerable  doubt, 
if  not  altogether  erroneous.  It  is  not  the  object  of  this  work  to 
enter  controversially  on  any  disputed  part  of  fiatronomical  science, 
we  must  therefore  leave  the  subject  in  the  hands  of  those  who  are 
interested  in  a  subject,  which  to  say  the  least,  may  be  considered 
speculative.* 

447.  Satellites.—  Saturn  is  attended  by  eight  satellites,  seven 
of  which  move  in  orbits  whose  planes  coincide  very  nearly  with 
that  of  the  equator  of  the  planet,  and^  therefore  with  the  plane  of 
the  rings.  The  orbit  of  the  remaining  satellite,  which  is  the  most 
distant;  is  inclined  to  the  equator  of  the  planet  at  an  angle  of  about 
I  z^  1 4',  and  to  the  plane  of  the  planet's  orbit  at  nearly  the  same 
angle. 

448.  Their  nomenclature. —  In  the  designations  of  the  satel- 
lites, much  confusion  has  arisen  from  the  disagreement  of  asti-o- 
nomers  as  to  the  principle  upon  which  the  nimierical  order  of  the 
satellites  should  be  determined.  Some  name  them  first,  second, 
third,  &c.,  in  the  order  of  their  discovery ;  while  others  designate 
them  in  the  order  of  their  distances  from  Saturn.  It  has  been 
proposed  to  remove  all  confusion,  by  giving  them  names,  taken, 
like  those  of  the  planets,  from  the  heathen  divinities.  The  follow- 
ing metrical  arrangement  of  these  names,  in  the  order  of  their 
distances,  proceeding  from  the  most  distant  inwards,  has  been 
proposed,  as  afibrding  an  artificial  aid  to  the  memory : — 

lupetuA.  Titan  ;  Rhea,  Dione,  Tethys  f ; 
Eiueludus,  Mimas . 

449.  Order  of  tbeir  disooTer3r. —  Since  this  was  suggested, 
the  eighth  satellite  situate  between  lapetus  and  Titan  has  been 
discovered,  and  called  Hyperion. 

•  Those  prevailinc  errors  re?«pecting  the  uranography  of  Satuni.  form  the 
materials  of  a  long  and  interesting  paper  hy  Dr.  Lardner,  pul»Ii>iied  in  the 
A/emoirs  of  the  Hoyal  Antrmtomical  Societyf  Vol.  XXII.  Those  who  feel 
interested  in  the  consideration  of  this  subject  may  consult  tiiis  utemoir  uiih 
advantage.  —  K.  D. 

t  Pronounced  TCthys. 
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Num. 

DiMonrcn. 

WhndkooTcnd. 

TIUo. 

Huygens. 

March.  |6S(. 
October,  1671. 

lapetus. 

D.  Ciutini. 

Rh^ 

Do. 

December.  167X. 

Dione. 

Do. 

March,  1684. 

TethTt. 
Enceladut. 

Do. 

March,  1684. 

Sir  W.  HerMhd. 

August,  1789. 

Mimu. 

Do. 

September,  1789. 
September,  1848* 

Hyperion. 

Messrs.  Lassell  and  Bond. 

Hyperion  was  discoyered  on  the  same  nighty  the  19th  of  Sep- 
tember, 1 848^,  by  Mr.  Lassell  of  Liverpool,  and  Professor  W.  C. 
Bond  of  the  Uniyersity  of  Cambridge  in  the  United  States. 

450.  Tbelr  distances  and  periods. —  The  periodic  times  and 
mean  distances  of  these  bodies  from  the  centre  of  Saturn,  ascer- 
tained by  the  same  kind  of  observations  as  already  explained  in 
the  case  of  the  satellites  of  Jupiter,  are  as  follows : — 


Order. 

Nun*. 

Parlod. 

Diataaoc. 

D.    H.     .M.      S. 

8animUn 
day*. 

of  Saturn. 

I 

Mimas       • 

0   u    37   X1-9 

ri6 

3*3607 

X 

Knceladus 

1      8    5|      6? 
I    x\    18    xyj 
%    17    41      8-0 
4    u    Z5    108 

3  14 

IB 

3 

4 

Telhys      - 
DIone       . 

Pd 

I 

Rhea 

IO-J4 

9-5518 

Titan 

15    zi    41    »5i 

16-49 

s:'r 

I 

Hyperion  - 

ti      7     7    40-8 

4875 

Upeius     . 

79     7    5J    40-4 

64-J590 

451.  Blon^ations  and  relative  distances.  —  The  greatest 
elongations  of  the  satellites  from  the  primary,  and  the  scale  of  their 
distances  in  relation  to  the  diameters  of  the  planet  and  its  rings, 
are  represented  in  Ji^.  73,  assuming,  for  convenience,  that  the 
angular  value  of  the  semidiameter  of  the  planet  is  equal  to  I  o". 

It  appears,  therefore,  that  the  orbit  of  the  most  remote  of  the 
satellites  subtends  a  visual  angle  of  only  1286"  at  the  earth,  being 
about  two-thirds  of  the  apparent  diameter  of  the  sun  or  moon,  and 
within  this  small  visual  space  all  the  vast  physical  machiuery  and 
phenomena  which  we  have  here  noticed  are  in  operation,  and 
within  such  a  space  have  these  extraordinary  discoveries  been 
made.  The  apparent  diameter  of  the  external  edge  of  the  rings 
is  only  44",  or  the  fortieth  part  of  the  apparent  diameter  of  the 
sun  or  moon  ;  yet  within  that  small  circle  have  been  observed  and 
measured  the  planet,  its  belts,  atmosphere,  and  rotation,  and  the 
two  rings,  their  magnitude,  rotation,  and  the  lineaments  of  their 
surface. 
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452.  Varions  pbases  and  appearances  of  the  ftatelUtee  to 
observers  on  tUe  planet. —  All  that  has  been  said  of  the  phases 
^m^^^m  and  appearances  of  the  moons  of  Jupiter^  as  pre- 
Vn^^H  S3nted  to  the  inhabitants  of  that  plane t^  is  equally  . 
l^y^fK.  applicable  to  the  satellites  of  Saturn,  with  this  dif- 
ference, that  instead  of  four  there  are  eight  moons 
contnuallt  revolving  roimd  the  planet,  and  exhibit- 
ing all  the  monthly  changes  to  which  we  are  ac- 
customed in  the  case  of  the  solitary  satellite  of  the 
earth. 

The  periods  of  Saturn's  moons,  like  those  of 
Jupiter,  are  short,  with  the  exception  of  those  most 
remote  from  the  primary.  The  nearest  passes 
through  all  its  phases  in  22^  hours,  and  the  fourth, 
counting  outwards,  in  less  than  66  hours.  The  next 
three  have  months  varying  fipom  4  to  21  terrestrial 
days. 

These  seven  moons  move  in  orbits  whose  planes 
are  nearly  coincident  with  the  plane  of  the  rings. 
The  consequence  of  this  arrangement  is,  that  they 
are  always  visible  by  the  inhabitants  of  both  hemi- 
spheres when  they  are  not  eclipsed  by  the  shadow  of 
the  planet. 

The  two   inner  satellites  are  seen  making  their 
rapid  coui*se  along  the  exteraal  edge  of  the  ring, 
within  a  very  small  apparent  distance  of  it.     The 
motion  of  the  nearest  is  so  lapid  as  to  be  per- 
ceivable, like  that  of  the  hour-hand  of  a  colossal 
time-piece.     It  describes  360**  in  22 J  hours,  being 
at  the  rate  of  1 6®  per  hour,  or  1 6'  per  minute,  so 
that  in  two  minutes  it  moves  over  a  space  equal  to 
the  apparent  diameter  of  the  moon. 
The  eighth,  or  most  remote  satellite,  is  in  many  respects  ex- 
ceptional, and  different  from  all  the  others.      Unlike  these,  it 
moves  in  an  orbit  inclined  at  a  considerable  angle  10  the  plane  of 
the  rings. 

It  is  exceptional  also  in  its  distance  from  the  primary,  being 
removed  to  the  distance  of  64.  semidiameters  of  Saturn.  The 
only  case  analogous  to  this  presented  in  the  solar  system  is  that  of 
the  earth's  moon,  the  distance  of  which  is  60  semidiameters  of 
the  primary. 

453.  Maffnltndes  of  the  satellites. —  Owing  to  the  great  dis- 
tance of  Saturn,  the  dimensions  of  the  satellites  have  not  been 
ascertained.  The  sixth  in  order,  proceeding  outwards,  is,  however, 
known  to  be  the  largest,  and  it  appears  certain  that  its  volume  i^* 
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little  less  than  that  of  the  planet  Mars.  The  three  satellites 
immediately  within  this,  Rhea,  Dione,  and  Tethys,  are  smaller 
bodies,  and  can  only  be  seen  with  telescopes  of  great  power.  The 
other  two,  Mimas  and  Enceladus^  require  instruments  of  the  very 
highest  power  and  perfection,  and  atmospheric  conditions  of  the 
most  favourable  nature,  to  be  observable  at  all.  Sir  J.  Heischel 
says,  that  at  the  time  they  were  discovered  by  his  father  "  they 
were  seen  to  thread,  like  beads,  the  almost  infinitely  thin  fibre  of 
light  to  which  the  ring,  then  seen  edgeways,  was  reduced,  and 
for  a  short  time  to  advance  off  it  at  either  end,  speedily  to  return, 
and  hastening  to  their  habitual  concealment  behind  the  body." 

454.  Apparent  macnitudes  as  seen  from  Batum. — The 
real  magnitudes  of  the  satellites,  the  sixth  excepted,  being 
unascertained,  nothing  can  be  inferred  with  any  certain^  respecting 
their  apparent  magnitudes  as  seen  fi-om  the  surface  of  Satimi,  except 
what  may  be  reasonably  conjectured  upon  analogies  to  other  like 
bodies  of  the  system.  The  satellites  of  Jupiter  being  all  greater 
than  the  moon,  while  one  of  them  exceeds  Mercury  m  magnitude, 
and  another  is  but  little  inferior  iu  volume  to  that  planet,  it  may 
be  assumed  with  great  probability  of  truth  that  tha  satellites  of 
Saturn  are  at  least  severally  greater  in  their  actual  dimensions 
than  our  moon. 

If  thio  be  admitted,  their  probable  apparent  magnitudes  as  seen 
from  Saturn  may  be  inferred  from  their  distances.  The  distance 
of  the  first,  Mimas,  from  the  nearest  part  of  the  surface  of  the 
planet,  is  only  90,000  miles,  or  nearly  2J  tinves  less  than  the 
distance  of  the  moon  ;  the  distance  of  the  second  is  about  half  that 
of  the  moon  ;  that  of  the  third  about  two-thiirds,  and  that  of  the 
fourth  about  five-sixths,  of  the  moou's  distance.  If  these  bodies, 
therefore,  exceed  the  moon  in  their  actual  dimensions,  their  apparent 
uiapuitudes  as  seen  from  Saturn  will  exceed  the  apparent  magnitude 
of  the  moon  in  a  still  greater  ratio  than  thiit  in  whicli  the  distance 
of  the  moon  fi-om  the  earth  exceeds  their  sevei-al  dist^iuces  from 
the  surface  of  Saturn.  Of  the  remaining  satellites,  little  is  as  yet 
known  of  the  seventh,  and  apparently  the  most  minute,  Hyperion, 
which  was  only  discovered  in  1&48  ;  and  the  great  magnitude  of 
the  sixth,  Titan,  renders  it  probable  that,  notwithstanding  its^great 
distance  from  Saturn,  it  may  still  appear  with  a  disk  not  veiy  much 
less  than  that  of  the  moon. 

455.  Rotation  on  their  axes.  —  The  case  of  the  moon,  and  the 
observations  made  on  thesatellitesof  Jupiter,  raise  the  presumption 
tliat  it  is  a  general  law  of  secondary  planets  to  revolve  on  their  axes 
in  the  times  in  which  they  revolve  round  their  primary.  The 
great  distance  of  Saturn  has  deprived  observers  hitherto  of  the 
power  of  testing  this  law  by  the  Satumian    system.     Certain 
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appeanmceSy  however,  which  haye  been  obeerred  in  the  case  of 
the  great  satellite  Titan  indicate,  at  leaat  with  regard  to  it,  such  a 
rotation.  The  yariation  of  its  apparent  brightness  in  different  parts 
of  its  orbit  is  very  conspicuous,  and  the  changes  have  a  fixed 
relation  to  its  elongation,  the  same  degree  of  brightness  always 
corresponding  to  the  same  position  of  the  satellite  in  relation  to  its 
primaiy.  Now  this  is  an  effect  which  would  be  explicable  on  the 
supposition  that  different  sides  of  the  satellite  reflect  light  with 
different  degrees  of  intensity,  and  that  it  reyolves  on  its  axb  in  the 
same  time  that  it  revolves  round  its  primary.  It  has  been  observed 
that,  when  the  satellite  has  eastern  elongation,  it  has  ceased  to  be 
visible,  from  which  it  has  been  inferred  that  the  hemisphere  then 
turned  to  the  earth  has  so  feeble  a  reflective  power  that  the  light 
proceeding  from  it  is  insufficient  to  affect  the  eye  in  a  sensible 
degree.  The  improvement  of  telescopes  has  enabled  observers  to 
follow  it  at  present  through  the  entire  extent  of  its  orbit,  but  the 
diminution  of  its  lustre  on  the  eastern  side  of  the  planet  is  still  so 
great,  that  it  is  only  seen  with  the  greatest  difficulty. 

456.  Mass  ofSatnni. —  The  mass  of  Saturn  is  ascertained  by 
the  motion  of  his  satellites,  and  is  found  to  be  the  3  500th  part  of  the 
mass  of  the  sun,  or  about  90  times  greater  than  that  of  the  earth. 

457.  Bensity. — Since  the  mass  of  Saturn  is  only  90  times 
grester  than  that  of  the  earth,  while  his  volume  is  about  700 
times  greater,  it  follows  that  this  planet  is  composed  of  matter 
whose  mean  density  is  about  eight  times  less  than  that  of  the 
earth  ;  and  since  the  density  of  the  earth  is  about  five  and  a  half 
times  greater  than  that  of  water,  it  follows  that  the  density  of 
Saturn  is  about  three  quarters  that  of  water.  This  is  the  density 
of  the  medium  sorts  of  wood,  such  as  the  apple  and  orange  trees, 
and  is  about  thre<d  times  the  density  of  cork  (H.  91). 

III.  Uranits. 

458.  BUcorenr  of  Vranua.  —  While  occupied  in  one  of  his 
surveys  of  the  heavens  on  the  night  of  the  13th  of  March,  178 1, 
the  attention  of  Sir  William  Ilerschel  was  attracted  by  an  object 
which  he  did  not  find  registered  in  the  catalogue  of  stars,  and  which 
presented  in  the  telescope  an  appearance  obviously  different  from 
that  of  a  fixed  star.  On  viewing  it  with  increased  magnifying 
powers,  it  presented  a  sensible  disk  ;  and  after  the  lapse  of  some 
days,  its  place  among  the  fixed  stars  was  changed.  This  object 
must,  therefore,  have  been  either  a  comet  or  a  planet :  and  Sir  W. 
Herschel  in  the  first  instance  announced  it  as  the  former.  WTien, 
however,  submitted  to  further  and  more  continued  observation,  it 
was  found  to  move  in  an  orbit  nearly  circular,  inclined  at  a  small 
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angle  to  the  plane  of  the  ecliptic,  and  to  have  a  disk  sensibly 
circular. 

It  appeared,  therefore,  to  have  the  characters,  not  of  a  comet, 
but  a  planet  revolving  outside  the  orbit  of  Saturn.  It  was  named 
the  ''  Georgium  Sidus  "  by  Sir  W.  Herschel,  in  compliment  to  his 
friend  and  patron  George  III.  This  name  not  being  accepted  by 
foreign  astronomei-s,  that  of  "  Herschel  '*  was  proposed  by  Laplace, 
and  to  some  extent  for  a  time  adopted.  Definitely,  however,  the 
scientific  world  has  agreed  upon  the  name  "  Uranus,"  by  which 
this  member  of  the  system  is  now  universally  designated. 

459.  Period,  by  sjnodio  motioii.  —  Owing  to  the  great  length 
of  the  period  of  this  planet,  those  methods  of  determination  which 
require  the  observation  of  one  or  more  complete  revolutions  could 
not  be  applied  to  it  The  synodic  perii^,  however,  or  the  interval 
between  two  successive  oppositions,  being  only  369*4  days, 
supplied  a  means  of  obtaining  a  first  approximation.  This  gives  a 
period  of  30,643  days. 

460.  By  tbe  apparent  motioii  in  qaadrature. — When  a 
planet  is  in  quadrature,  its  visual  direction  being  a  tangent  to  the 
earth's  orbit,  its  apparent  place  is  not  affected  by  the  earth's  orbital 
motion.  In  the  quadrature  which  precedes  opposition,  the  earth 
moves  directly  towards  the  planet ;  and  in  the  quadratui-e  which 
follows  opposition,  it  moves  directly  from  the  planet.  In  neither 
case,  therefore,  would  its  motion  produce  any  apparent  change  of 
place  in  the  planet.  It  follows,  therefore,  that  when  a  planet  is  in 
quadrature,  its  apparent  motion  is  due  exclusively  to  its  own  motion 
and  not  at  all  to  that  of  the  earth.  The  daily  motion  of  the  planet 
as  then  observed  is,  therefore,  the  actual  daily  increment  of  its  geo- 
centric longitude. 

But  in  the  case  of  a  planet,  such  as  Uninus,  or  even  Saturn, 
whose  distance  from  the  sun  bears  a  large  ratio  to  the  earth's  distance, 
the  geocentric  motion  of  the  planet  will  not  differ  sensibly  from  the 
heliocentric  motion  ;  and,  therefore,  the  geocentric  daily  increment 
of  the  planet's  longitude  observed  when  in  quadrature  may,  to 
obtain  an  approximative  value  of  the  period,  be  taken  as  the  daily 
increment  of  the  heliocentric  longitude.  If  this  increment  be  ex- 
pressed by  /,  we  shall  have 

360° 

Now,  it  is  found  that  the  apparent  daily  increment  of  the  planet's 
longitude  when  in  quadrature  is  42"'23.  If  360°  be  reduced  to 
seconds,  we  shall  then  have 

1206000  ,rt 

P= -^=30689. 
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By  more  accurate  calculation,  the  periodic  time  has  h*;en  deter- 
mined at  30,68682  days,  or  84  years. 

461.  BeUocentric  motioii. — The  mean  daily 
heliocentric  motion  of  the  planet  is,  therefore,  moie 
exactly,  42"-233. 

462.  BUtanoe  from  tbe  san. — The  mean  dis- 
tance of  Uranus  from  the  sun  is  1 9*1 83  times  that  of 
the  earth,  and,  consequently,  the  actual  distance  is 
about  1,753,869,000  miles,  its  disUnce  from  the 
earth  being,  wheu  in  opposition,  therefore  1662 
millions  of  miles. 

The  excentricity  of  the  orbit  of  Uranus  being 
0'0466,  these  distances  are  liable  to  only  a  very 
small  variation.  The  distance  from  the  sun  is  in- 
creased in  aphelion,  and  diminished  in  perihelion 
by  less  than  a  twentieth  of  its  entire  amount.  Tho 
plane  of  the  orbit  coincides  veiy  nearly  with  that  of 
the  ecliptic. 

463.  Relative  orbit  and  distance  from  tbe 
eartb.  —  The  relative  proportion  of  the  orbits  of 
Uranus  and  the  earth  are  represented  in  fig.  74, 
where  E  e'  e"  is  the  orbit  of  the  earth,  and  s  u  the 
distance  of  Uranus  fi*om  the  sun.  The  four  posi- 
tions of  the  earth,  corresponding  to  the  opposition, 
conjunction,  and  quadratures  of  the  planet,  are  re- 
presented as  in  the  former  cases. 

464.  Vast  scale  of  tbe  orbital  motion. — The 
distance  of  Uranus  ixowx  tho  sun  beinpr  above  nine- 
teen times  that  of  the  earth,  and  the  earth  being  at 
such  a  distance  that  light,  moving  at  the  rate  of 
about  184,000  miles  per  second,  takes  about  eight 
minutes  to  come  from  the  sun  to  the  earth ;  it 
follows  that  it  will  take  19x8=152  minutes,  or 
about  two  hours  and  a  half,  to  move  from  the  sun  to 

Fif-74.  Uranus.  Sunrise  and  sunset  are,  therefore,  not 
perceived  by  the  inhabitants  of  that  planet  for  two 
hours  and  a  half  after  they  really  take  place,  for  the  sun  does  not 
appear  to  rise  or  set  until  the  light  moving  from  it,  at  the 
moment  it  touches  the  plane  of  the  horizon,  reaches  the  eye  of  the 
observer. 

The  diameter  of  the  orbit  of  Uranus  measuring,  in  round  num- 
bers, 3,500  millions  of  miles,  its  circumference  measures  11,000 
millions  of  miles,  over  which  the  planet  moves  in  30,687  days. 
Its  mean  daily  motion  is  therefore  358,000  miles,  and  its  hourly 
motion,  consequently,  about  1 5,000  miles. 
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465.  Appaireiit  and  real  diameters.  — The  apparent  diameter 
of  Uranus  in  opposition  exceeds  4''  by  a  small  fraction.  At  the 
distance  of  the  planet  from  the  earth,  in  that  position,  the  linear 
value  of  i"  is  8060  miles;  the  actual  diameter  of  the  planet  by 
this  method  is  therefore  33,329  miles,  being  about  half  that  of 
Satiim,  and  a  little  more  than  4I  times  that  of  the  earth.  The 
diameter  prenerally  adopted  is  33^247  miles. 

466. — Surface  and  volame.— The  surface  of  Uranus  is  there- 
fore 1 8  times,  and  its  volume  about  74  times  that  of  the  earth. 

467.  Binmal  rotation  and  pbysical  oliaraoter  of  snrfkoe 
unascertained.  —  The  vast  distance  of  this  planet,  and  its  conse- 
quent small  appui'ent  magnitude  and  faint  illumination,  have  ren- 
dered it  hitherto  impracticable  to  discover  any  indications  of  its 
diurnal  rotation,  the  existence  of  an  atmosphere,  or  any  of  the 
other  physical  characters  which  the  telescope  has  disclosed  in  the 
case  of  the  nearer  of  the  great  planets. 

468.  Solar  light  and  beat. — The  apparent  diameter  of  the  sun 
as  seen  from  Uranus,  is  less  than  as  seen  from  the  earth  in  the 
ratio  of  I  to  1 9.  The  magnitude  of  the  sun's  disk  at  the  earth 
being  supposed  to  be  represented  by  "Efjfff.  75,  its  magnitude  seen 
from  Uranus  would  be  v. 

The  illuminating  and  warm- 
ing powers  of  the  solar  rays,  un- 
der the  same  physical  conditions, 
are  therefore  19' =  361  times 
less  at  Uranus  than  at  the  earth. 

469.  Suspected  riuirs. —  It 
was  at  one  time  suspected  by 
Sir  W.  Ilerschel  that  this  planet 
was  surrounded  by  two  systems 
of  rings  with  planes  at    right  f"*K-75- 

angles  to  each  other.    Subsequent  observation  has  not  realised  this 
conjecture. 

470.  Satellites. — It  has  been  ascertained  that  Uranus,  like 
the  other  major  planets,  is  attended  by  a  system  of  satellites,  the 
number  of  which  is  not  yet  certainly  determined,  and  which,  from 
tlie  great  remoteness  of  the  Uranian  system,  cannot  be  seen  at  all 
except  by  the  aid  of  the  most  perfect  and  powerful  telescopes. 

Sir  W.  Herschel,  soon  after  discovering  this  planet,  announced  the 
existence  of  a  system  of  six  satellites  attending  it.  On  the  1 1  th 
of  January,  1787,  the  second  and  fourth  in  order  of  distance  from 
the  planet  were  discovered,  the  remaining  four  having  been  noticed 
iu  the  interval  between  the  beginning  of  1 790,  and  the  end  of  1 798. 
The  periods  and  distances  of  the  satellites  as  determined  genendly 
by  Sir  W.  Herschel,  are  expressed  in  the  following  Table  :  — 
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Subsequent  observations  have  confirmed  this  discovery  so  far  only 
as  relates  to  the  second  and  fourth  satellites,  the  first,  third,  fifth, 
and  sixth,  having  only  been  seen  by  Sir  W.  Herschel.  The  others 
not  having  been  re-observed,  notwiUistanding  the  vast  improvement 
which  has  taken  place  in  the  construction  of  telescopes,  and  the 
greatly  multiplied  number  and  increased  activity  and  leal  of  obser- 
vers, must  be  considered,  to  say  the  least,  as  problematical. 

Considerable  attention  has  been  devoted  to  this  planet  by  Mr. 
Lassell  and  others,  with  the  object  of  removing  the  imcertainty 
which  is  attached  to  the  number  of  satellites  belonging  to  it  The 
two  principal  satellites  of  Sir  W.  Herschel,  the  second  and  fourth, 
are  by  far  the  most  conspicuous,  and  their  distances  and  periods 
have  been  ascertained  with  all  desirable  accuracy  and  certainty. 
Two  inner  satellites  named  Ariel  and  Umbriel  revolving  around 
the  primary  within  the  second  of  Sir  W.  Herschers,  have  been,  since 
1 847,  frequently  observed,  particularly  by  Mr.  Lassell,  at  Malta, 
in  1852,  to  which  place  he  transferred  his  20-feet  refiector;  by 
which  means,  and  in  consequence  of  the  superior  brilliancy  of  the 
sky  and  clearness  of  atmosphere  to  that  to  which  he  was  accustomed 
at  Liverpool,  Mr.  Lassell  was  enabled  to  make  a  considerable  series 
of  measures  of  positions  and  distances  of  the  two  principal  satellites, 
Titania  and  Oberon,  as  well  as  of  the  two  recently  discovered  inner 
satellites,  Ariel  and  Umbriel.  These  names  have  been  suggested 
by  Mr.  Lassell  as  an  appropriate  nomenclature  for  the  four  satellites 
whose  identities  have  been  established. 

Li  addition  to  the  periods  and  distances  given  above,  which  are 
those  determined  by  Sir  W.  Herschel,  we  insert  also,  in  the 
following  table  the  periods  and  distances  of  the  four  satellites,  of 
the  existence  of  which  there  is  no  doubt 
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The  number  of  satellites  attending  upon  Uranus  must,  therefore, 
be  assumed  to  amount  to  four,  until  by  further  improvements  in 
the  construction  of  telescopes,  giving  an  increased  penetrating 
power,  observers  may  be  enabled  to  detect  others,  or  to  confirm 
the  existence  of  some  of  those  which  have  hitherto  been  supposed 
to  form  a  portion  of  the  Uranian  system. 

471.  Anomalous  Incllnatioii  of  tliolr  orbits. — Contrary  to 
the  law  which  prevails  without  any  other  exception  in  the  motions 
of  the  bodies  of  the  solar  system,  the  orbits  of  the  satellites  of 
Uranus  are  inclined  to  the  plane  of  the  orbit  of  the  planet,  and 
therefore  to  that  of  the  ecliptic,  at  an  angle  of  78°  58',  being  little 
less  than  a  right  angle,  and  their  motions  in  these  orbits  are  retro- 
grade, that  is  to  say,  their  longitudes  as  seen  from  Uranus  continu- 
ally decrease. 

When  the  earth  has  such  a  position  that  the  visual  direction  is 
at  right  angles  to  the  line  of  no<ies,  the  angle  under  the  plane  of 
the  orbit  and  the  visual  line  will  be  78°  58';  and  in  certain  posi- 
tions of  the  planet  they  will  be  seen,  as  it  were,  in  plan.  Being 
nearly  circular,  the  satellites  will  in  such  a  position  be  visible 
revolving  round  the  primary  throughout  their  entire  orbits,  the 
projections  not  sensibly  differing  from  circles. 

472.  Apparent  motion  and  pbasos  as  seen  from  Vranos. — 
The  diurnal  rotation  and  the  direction  of  the  axis  of  the  planet 
being  unascertained,  the  inclination  of  the  orbits  to  the  planet's 
equator  is  consequently  imknown.  It  appears,  however,  that  all 
the  orbits  have  the  same  line  of  nodes,  and  are  in  a  common  plane 
or  nearly  so.  Twice  in  each  revolution  of  the  planet  this  plane 
passes  through  the  sun,  when  the  satellites  exhibit  the  same  suc- 
cession of  phases  to  the  planet  as  the  moon  presents  to  the  earth, 
except  so  far  as  they  are  modified  by  the  effects  of  the  diurnal 
parallax,  which  are  considerable,  especially  in  the  case  of  the 
nearer  satellites. 

Twice  in  each  revolution  of  the  planet,  at  epochs  exactly  inter- 
mediate between  the  former,  the  line  of  nodes  being  at  right  angles 
to  the  line  joining  the  sun  and  planet,  the  plane  of  the  satellites* 
orbits  is  nearly  perpendicular  to  the  same  line.  In  this  case  the 
satellites  during  their  entire  revolution  suffer  no  other  change  of 
phase  than  what  may  be  produced  by  the  diurnal  parallax,  and 
appear  continually  with  the  same  phases  as  that  which  the  moon 
presents  at  the  quarters. 

In  the  intermediate  position  of  the  planet  a  complicated  variety 
of  phases  will  be  presented,  which  may  be  traced  and  analysed 
by  giving  due  attention  to  the  change  of  direction  of  the  line  of 
nodes  of  the  satellites*  orbits  to  the  line  joining  the  planet  with 
the  sun. 
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473.  Mass  and  densttsr  of  mranns. — Some  uncertainty  still 
attends  the  determination  of  the  elements  of  these  more  distant 
and  recently  discovered  planets.  The  mass  and  density  of  Uranus 
are  only  provisionally  determined.  The  mass  is  assumed  to  be  the 
24,900th  part  of  that  of  the  sun,  and  the  density  the  sixth  of  that 
of  the  earth.     Some  observers  make  the  mass  considerably  greater. 


IV.  Neptune. 

474.  BUooverj*  of  XTeptune.  —  The  discovery  of  this  planet 
constitutes  one  of  the  most  signal  triumphs  of  mathematical  science, 
and  marks  an  era  which  must  be  for  ever  memorable  in  the  history 
of  physical  investigation. 

If  the  planets  were  subject  only  to  the  attraction  of  thesim,  they 
would  revolve  in  exact  ellipses,  of  which  the  sun  would  be  the 
common  focus ;  but  being  also  subject  to  the  attraction  of  each  other, 
which,  though  incomparably  more  feeble  than  that  of  the  presiding 
central  mass,  produces  sensible  and  measurable  effects,  consequent 
deviations  from  these  elliptic  paths,  called  pertuhbatioxs,  take 
place.  The  masses  and  relative  motions  of  the  planets  being  known, 
these  disturbances  can  be  ascertained  with  such  accuracy  that  the 
position  of  any  known  planet  at  any  epoch,  past  or  future,  can  be 
determined  with  the  most  surprising  degree  of  precision. 

If,  therefore,  it  should  be  found  that  the  motion  which  a  planet 
id  observed  to  have,  is  not  in  accordance  with  that  which  it  ought  to 
have,  subject  to  the  contral  attraction  of  the  sun,  and  the  disturbing 
actions  of  the  surrounding  planets,  it  must  be  inferred  that  some 
other  disturbing  attraction  acts  upon  it,  proceeding  from  an  un- 
discovered cause,  and,  in  this  case,  a  problem  novel  in  its  form  and 
data,  and  beset  with  difficulties  which  nught  well  appear 
insuperable,  is  presented  to  the  physical  astronomer.  If  the 
solution  of  the  problem,  to  determine  the  disturbances  produced 
upon  the  orbit  of  a  planet  by  another  planet,  whose  mass  and 
motions  are  known,  be  regarded  as  a  stupendous  achievement  in 
physical  and  mathematical  science,  how  much  more  formidable 
must  not  the  converse  question  be  regarded,  in  which  the 
disturbances  are  given  to  find  the  planet  I 

Such  was,  nevertheless,  the  problem  of  which  the  discovery  of 
Neptune  has  been  the  astonishing  solution. 

Although  no  exposition  of  the  actual  process  by  which  this 
great  intellectual  achievement  has  been  effected  could  be  compre- 
hended without  the  possession  of  an  amount  of  mathematical 
knowledge  far  exceeding  that  which  is  expected  from  the  readers  of 
treatises  much  less  elementary  than  the  present  volume,  we  may  not 
be  altogethei  unsuccessful  in  attempting  to  illustrate  the  principle 
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on  which  an  inTestigation,  attended  with  so  surprising  a  result,  has 
been  based,  and  even  the  method  upon  which  it  has  been  conducted, 
so  as  to  strip  the  proceeding  of  much  of  that  incomprehensible 
character  which,  in  the  view  of  the  great  mass  of  those  who 
consider  it  without  being  able  to  follow  the  steps  of  the  actual 
investigation,  is  generally  attached  to  it,  and  to  show  at  least  the 
spirit  of  the  reasoning  by  which  the  solution  of  the  problem  has 
been  acoomplished. 

For  this  purpose,  it  will  be  necessary, ^r«^,  to  explain  the  nature 
and  character  of  those  disturbances  which  were  observed,  and  which 
could  not  be  ascnbed  to  the  attraction  of  any  of  the  known  planets : 
and,  secondlijy  to  show  in  what  manner  an  undiscovered  planet 
revolving  outside  the  known  limits  of  the  solar  system  could 
produce  such  effects. 

475.  Unexplained  dlstnrbanoes  observed  In  tlie  motions  of 
Vranns.  —  The  planet  Uranus,  revolving  at  the  extreme  limits  of 
the  solar  system,  was  the  object  in  which  were  observed  those  dis- 
turbances which,  not  being  the  effects  of  the  action  of  any  of  the 
known  planets,  raised  the  question  of  the  possible  existence  of 
another  planet  exterior  to  it,  which  might  produce  them. 

After  the  discovery  of  the  planet  by  Sir  W.  Herschel,  in  1781, 
it^  motions,  being  regularly  observed,  supplied  the  data  by  which 
its  elliptic  orbit  was  calculated,  and  the.disturbances  produced  upon 
it  by  the  masses  of  Jupiter  and  Saturn  ascertained,  the  other  planets 
of  the  system,  by  reason  of  their  remoteness,  and  the  comparative 
niiiiutcuess  of  their  masses,  not  producing  any  sensible  effects. 
Tables  founded  on  these  results  were  computed,  and  ephemerides 
constructed,  in  which  the  places  at  which  the  planet  ought  to  be 
found  from  day  to  day  for  the  future,  were  duly  registered 

The  same  kind  of  calculations  which  enable  the  astronomer  thus 
to  predict  the  future  places  of  the  planet,  would,  as  is  evident, 
equally  enable  him  to  ascertain  the  places  which  had  been 
occupied  by  the  planet  in  times  past.  By  thus  examining,  re- 
trospectively, the  apparent  course  of  the  planet  over  the  firmament, 
and  comparing  its  computed  places  at  particular  epochs  with  those 
cf  stars  which  had  been  obser\'ed,  and  which  had  subsequently 
disappeared,  it  was  ascertained  that  several  of  these  stars  had  in  fact 
been  Uranus  itself,  whose  planetary  character  had  not  been 
recognised  from  its  appearance,  owing  ic^  the  imperfection  of  the 
telescopes  then  in  use,  nor  from  its  apparent  motion,  owing  to  the 
observations  not  having  been  sufficiently  continuous  and  multiplied. 

In  this  way  it  was  ascertained  that  Uranus  had  been  observed, 
and  its  position  recorded  as  a  fixed  star,  six  times  by  Flamsteed  j 
viz.,  once  in  1690,  once  in  171 2,  and  four  times  in  171 5; — once 
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hy  Bradley  in  1 753^  once  by  Mayer  in  1 756,  and  twelve  times  by 
Lemonnier  between  1750  and  1771. 

Now,  although  the  obeerved  poeitions  of  these  objects,  combined 
with  their  subsequent  disappearance,  left  no  doubt  whatever  of 
their  identity  with  the  planet,  their  observed  places  deviated 
sensibly  from  the  places  which  the  planet  ought  to  have  had 
according  to  the  computations  founded  upon  its  motions  after  its 
discovery  in  178 1.  If  these  deviations  could  have  been  shown  to 
be  irregular  and  governed  by  no  law,  they  would  be  ascribed  to 
ent)rs  of  observation.  If,  on  the  other  hand,  they  were  found  to 
follow  a  regular  course  of  increase  and  decrease  in  detemiinato 
directions,  they  would  be  ascribed  to  the  agency  of  some  un- 
discovered disturbing  cause,  whose  action  at  the  epochs  of  the 
ancient  observations  was  different  from  its  action  at  more  recent 
periods. 

The  ancient  observations  were,  however,  too  limited  in  number 
and  too  discontinuous  to  demonstrate  in  a  satisfactory  manner  the 
irregularity  or  the  regularity  of  the  delation.  Nevertheless,  the 
circumstance  raised  much  doubt  and  misgiving  in  the  mind  of 
Bouvard,  by  whom  the  tables  of  Uranus  were  constructed ;  and 
considering  that  these  tables,  in  which  every  correction  for  pertur- 
bation indicated  by  the  best  existing  theories  was  applied,  were 
based  upon  the  modem  observations,  it  was  anticipated  that  the 
agreement  between  the  observed  and  tabular  places  of  the  planet 
would  continue  for  a  considerable  period  of  time.  When,  on 
examination,  it  was  found  impossible  to  reconcile  the  ancient 
observations  of  Flamsteed,  Lemonnier,  &c.  with  the  orbit  required 
to  satisfy  the  observations  made  after  the  discovery  of  the  planet 
in  1 78 1,  the  difficulties  attending  the  explanation  of  these  irregu- 
larities were  so  great,  that  M.  Bouvard  stated  that  he  would  leave 
to  futurity  the  decision  of  the  question  whether  these  deviations 
were  due  to  errors  of  observation,  or  to  an  undiscovered  disturbing 
agent.  We  shall  presently  be  enabled  to  appreciate  the  sagacity 
of  this  reserve. 

The  motions  of  the  planet  continued  to  be  assiduously  observed, 
and  were  found  to  be  in  accordance  with  the  tables  for  about  four- 
teen years  from  the  date  of  the  discovery  of  the  planet.  About  the 
year  1795,  a  flight  discordance  between  the  tabular  and  observed 
places  began  to  be  manifested,  the  latter  being  a  little  in  advance 
of  the  former,  so  that  the  observed  longitude  L  of  the  planet  was 
greater  than  the  tabular  longitude  l'.  After  this,  from  year  to 
year,  the  advance  of  the  observed  upon  the  tabular  place  increased, 
so  that  the  excess  L— l'  of  the  obser\'ed  above  the  tabular  longitude 
was  continually  augmented.  The  increaae  of  L— l'  continued  until 
1822,  when  it  became  stationary,  and  afterwards  began  to  decrease. 
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This  decrease  contmued  until  about  1830-31,  when  the  deviation 
L— L'  disappeared,  and  the  tabular  and  observed  longitudes  again 
agreed.  This  accordance,  however,  did  not  long  prevail.  The 
planet  soon  began  to  fall  behind  its  tabular  place,  so  that  its 
observed  longitude  L,  which  before  1 83 1  was  greater  than  the 
tabular  longitude  L^,  was  now  less ;  and  the  distance  L^— L  of  the 
observed  behind  the  tabular  place  increased  from  year  to  year,  and 
still  increases,  amounting  in  November,  1858,  to  3'  38"  of  longi* 
tude. 

It  appears,  therefore,  that  in  the  deviations  of  the  planet  from 
its  computed  place,  there  was  nothing  irregular  and  nothing  com- 
patible with  the  supposition  of  any  cause  depending  on  the  acci- 
dental errors  of  observation.  The  deviation,  on  the  contrary, 
increased  gradually  in  a  certain  direction  to  a  certain  point ;  and 
having  attained  a  maximum,  then  began  to  decrease,  which  decrease 
still  continues. 

The  phenomena  must,  therefore,  be  ascribed  to  the  regular 
agency  of  some  undiscovered  disturbing  cause. 

476.  A  planet  exterior  to  Vranns  would  produce  a  like 
effect. — It  is  not  difficult  to  demonstrate  that  deviations  from  its 
computed  place,  such  as  those  described  above,  would  be  produced 
by  a  planet  revolving  in  an  orbit  having  the  same  or  nearly  the 
same  plane  as  that  of  Uranus,  which  would  be  in  heliocentric  con- 
junction with  that  planet  at  the  epoch  at  which  its  advance  beyond 
its  computed  place  attained  its  maximum. 

Let  A  B  0  D  E  F,  fig.  76,  represent  the  arc  of  the  orbit  of  Uranus 
described  by  the  planet  during  the  manifestation  of  the  perturba- 
tions. Let  N  n'  represent  the  orbit  of  the  supposed  undiscovered 
planet  in  the  same  plane  with  the  orbit  of  Uranus.  Let  a,  6,  c,  </, 
e,  and  /  be  the  positions  of  the  latter  when  Uranus  is  at  the  points 
A,  B,  0,  D,  E,  and  F.  It  is,  therefore,  supposed  that  Uranus  when  at 
D  is  in  heliocentric  conjunction  with  the  supposed  planet,  the 
latter  being  then  at  d. 

The  directions  of  the  orbital  motions  of  the  two  planets  are 
indicated  by  the  arrows  beside  their  paths ;  and  the  directions  of 
the  disturbing  forces  *  exercised  by  the  supposed  planet  on  Uranus 
are  indicated  by  the  arrows  beside  the  lines  joining  that  planet 
with  Uranus. 

Now,  it  will  be  quite  evident  that  the  attraction  exerted  by  the 
supposed  planet  at  a  on  Uranus  at  a  tends  to  accelerate  the  latter. 
In  like  manner,  the  forces  exerted  by  the  supposed  planet  at  h  and 
c  upon  Uranus  at  B  and  c  tend  to  accelerate  it.     But  as  Uranus 

•  To  simplify  the  explanation,  the  effect  of  the  attraction  of  Uranus  on  the 
fun  is  omitted  in  this  illustration. 
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nppi-oiicbes  to  n  the  direction  of  the  disturbing  force,  being  lias 
and  less  inclined  to  that  of  the  orbital  motion,  has  a  less  and  less 

accelerating  influence,  and  on 
being  in  the  direction  B  d  at 
right  angles  to  the  orbital  nio- 
tioui  all  accelerating  influence 
ceases. 

After  passing  D  the  dis- 
turbing force  is  inclined  agamd 
the  motion,  and  instead  of  ac- 
celerating retards  it;  and  as 
Uninus  takes  successively  the 
positions  E,  F,  &c.  it  is  more 
and  more  inclined,  and  its 
retarding  influence  more  and 
more  increased,  as  will  be  evi- 
dent if  the  directions  of  the 
retarding  force  and  tlie  orbital 
motion,  ns  indicated  by  the  arrows,  be  observed.    ^ 

It  is  then  apparent  that  from  A  to  D  the  disturbing  force  accele- 
rating the  orbital  motion,  will  transfer  Uranus  to  a  position  in 
advance  of  that  which  it  would  otherwise  have  occupied ;  and  after 
passing  i),  the  disturbing  force  retarding  the  planet's  motion  will 
continually  reduce  this  advance,  until  it  bring  back  the  planet  to 
the  place  it  would  have  occupied  had  no  disturbing  force  acted ; 
after  which,  the  retardation  being  still  continued,  the  planet  will 
fall  behind  the  place  it  would  have  had  if  no  disturbing  force  had 
acted  upon  it. 

Now  it  is  e\'ident  that  these  are  precisely  the  kind  of  disturbing 
forces  which  act  upon  Umnus ;  and  it  may,  therefore,  be  inferred 
that  the  deviations  of  that  planet  from  its  computed  place  are  the 
physical  indications  of  the  presence  of  a  planet  exterior  to  it,  moving 
in  an  orbit  whose  plane  either  coincides  with  that  of  its  own  orbit, 
or  is  inclined  to  it  at  a  very  small  angle,  and  whose  mass  and 
distance  are  such  as  to  give  to  its  attraction  the  degree  of  intensity 
necessary  to  produce  the  alternate  acceleration  and  retardation  which 
have  been  observed. 

Since,  however,  the  intensity  of  the  disturbing  force  depends 
conjointly  on  the  quantity  of  the  disturbing  mass  and  its  distance, 
it  is  easy  to  perceive  that  the  same  disturbance  may  arise  from 
different  masses,  provided  that  their  distances  are  so  varied  as  to 
compensate  for  their  different  weights  or  quantities  of  matter.  A 
double  mass  at  a  fourfold  distance  will  exert  precisely  the  same 
attraction.  The  question,  therefore,  under  this  point  of  view, 
belongs  to  the  class  of  intermediat.o  problems,  and  admits  of  an 
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infinite  number  of  solutions.  In  other  words,  an  unlimited  varietY 
of  different  planets  may  be  assigned  exterior  to  the  system,  which 
would  cause  disturbances  observed  in  the  motion  of  Uranus,  so 
nearly  similar  to  those  observed  as  to  be  distinguishable  from  them 
only  by  observations  more  extended  and  elaborate,  than  any  to 
which  that  planet  could  possibly  have  been  submitted  since  its  dis- 
covery. 

477.  aesearolies  of  Messrs.  &e  Veirier  and  Adams. — The 
idea  of  taking  these  departures  of  the  observed  from  the  computed 
place  of  Uranus  as  the  data  for  the  solution  of  the  problem  to 
ascertain  the  position  and  motion  of  the  planet  which  could  cause 
such  deviations,  occurred,  nearly  at  the  same  time,  to  two  astrono- 
mers, neither  of  whom  at  that  time  had  attained  either  the  age  or 
the  scientific  standing  which  would  have  raised  the  expectations 
of  achieving  the  most  astonishing  discovery  of  modem  times. 

M.  Le  Verrier,  in  Paris,  and  Mr.  J.  C.  Adams,  of  Cambridge, 
engaged  in  the  investigation,  each  without  the  knowledge  of  what 
the  other  was  doing,  and  believing  that  he  stood  alone  in  his  ad- 
venturous and,  as  would  then  have  appeared,  hopeless  attempt. 
Nevertheless,  both  not  only  solved  the  problem,  but  did  so  with  a 
completeness  that  filled  the  world  with  astonishment  and  admira- 
tion, in  which  none  more  ardently  shared  than  those  who,  from  their 
own  attainments,  were  best  qualified  to  appreciate  the  difiiculties 
of  the  question. 

The  question,  as  has  been  observed,  belonged  to  the  class  of 
intennediate  problems.  An  infinite  number  of  diflferent  planets 
might  be  assigned  which  would  be  equally  capable  of  producing  the 
observed  disturbances.  The  solution,  therefore,  might  be  tlieoreti- 
cally  correct,  but  practically  unsuccessful.  To  strip  the  question  as 
far  lis  possible  of  this  character,  certain  conditions  were  assumed,  the 
existence  of  which  might  be  regai-ded  as  in  the  highest  degree  pro- 
bable. Thus,  it  was  assumed  that  the  disturbing  planet's  orbit  was 
in  or  nearly  in  the  plane  of  that  of  Uranus,  and  therefore  in  that  of 
the  ecliptic ;  that  its  motion  in  this  orbit  was  in  the  same  direction 
as  that  of  all  the  other  planets  of  the  system,  that  is,  according  to 
the  order  of  the  signs ;  that  the  orbit  was  an  ellipse  of  very  small 
excentricity ;  and  finally  that  its  mean  distance  from  the  sun  was, 
in  accordance  with  the  general  progression  of  distances  noticed  by 
Bode,  nearly  double  the  mean  distance  of  Uranus.  This  last  con- 
dition, combined  with  the  harmonic  law,  gave  the  inquirer  the  ad- 
vantage of  the  knowledge  of  the  period,  and  therefore  of  the  mean 
heliocentric  motion. 

Assuming  all  these  conditions  as  provisional  data,  the  problem 
was  reduced  to  the  determination,  at  least  as  a  fii-st  approximation, 
of  the  mass  of  the  planet  and  its  place  in  its  orbit  at  a  given 
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epoch,  Bucb  as  would  be  capable  of  producing  the  observed  alter- 
nate acceleration  and  retardation  of  Uranus. 

The  determination  of  the  heliocentric  place  of  the  planet  at  a 
g^yen  epoch  would  have  been  materially  facilitated  if  the  exact 
time  at  which  the  amount  of  the  advance  (l  —  l')  of  the  observed 
upon  the  tabular  place  of  the  planet  had  attained  its  maximum 
were  known ;  but  this,  unfortunately,  did  not  admit  of  being  as- 
certained with  the  necessary  precision.  When  a  varying  quantity 
attains  its  maximum  state,  and,  after  increasing,  begins  to  diminish, 
it  is  stationary  for  a  short  interval ;  and  it  is  always  a  matter  of 
difficulty,  and  often  of  much  uncertainty,  to  determine  the  exact 
moment  at  which  the  increase  ceases  and  the  decrease  commences. 
Although,  therefore,  the  heliocentric  place  of  the  disturbing  planet 
could  be  nearly  aj^igned  about  1822,  it  could  not  be  determined 
with  the  desired  precision. 

Assuming,  however,  as  nearly  as  was  practicable,  the  longitude 
of  Uranus  at  the  moment  of  heliocentric  conjunction  with  the  dis- 
turbing planet,  this,  combined  vnth  the  mean  motion  of  the  sought 
planet,  inferred  from  its  period,  would  give  a  rough  approximation 
to  its  place  for  any  given  time. 

478.  Blements  of  tl&e  sonfflit  planet  aMlrned  by  tliese 
geometers.  —  Hou;rh  approximations  were  not,  however,  what 
MM.  Le  V^errier  and  Adams  sought.  They  aimed  at  more  exact 
results ;  and,  after  investigations  involving  all  the  resources, 
and  exhausting  all  the  vast  powers  of  analysis,  these  eminent 
geometers  airived  independently  at  the  following  elements  of  the 
undiscovered  planet :  — 


Etemenu  of  »ui>|>oMeci  Planet. 

UVwTier. 

AdUTU. 

Kpoch  of  the  pleini'nts     -           -           - 
Mean  longitude  Jtt  the  epoch 
Mean  di^iance  of  pUnft  from  sun 
EKCentriciiy  uf  the  orbit 
Longitude  of  iierihelioii - 
Mast  ;»un  =  1 )     . 

I  Jan.  1847. 

3180  4r-4 

J61519 

O'lOTOlO 

i84<5    45'-8 
000010717 

6  Oct.  i84d 

57*M74 
01x0615 
199"^  11' 
OO0I500J 

479.  Zts  aotaal   diuooverj  by  Br.  Oalle  of  Berlin.  —  On 

the  23J-d  of  September,  1846,  Dr.  Galle,  one  of  the  astronomers 
of  the  Royal  Observatory  at  Berlin,  received  a  letter  from  M.  Le 
Verrier,  announcing  to  him  the  principal  results  of  his  calculations, 
informing  him  that  the  longitude  of  the  sought  planet  must  then 
be  3  26°,  and  requesting  him  to  look  for  it.  Dr.  Galle,  assisted  by 
Professor  Encke,  accordingly  did  "  look  for  it,"  and  found  it  that 
very  night.  It  appeared  as  a  star  of  the  8th  magnitude,  having 
the  longitude  of  326°  52',  and  consequently  only  52'  fi-oni  the 
place  assigned  by  M.  Le  Verrier.     The  calculations  of  Mr.  Adams, 
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reduced  to  the  same  date^  gaye  for  its  apparent  place  3  29^  1 9',  being 
2°  %Y  from  the  place  where  it  was  actually  foimd. 

480.  Xto  predicted  and  observed  plaees  In  near  proximity. 

—  To  illustrate  the  relative  proximity  of  these  remarkable  predic- 
tions to  the  actual  observed  place,  let  the  arc  of 
the  ecliptic,  from  long.  323°  to  long.  330°,  be  re- 
presented in  fig,  77.  The  place  assigned  by  M. 
Le  Verrier  for  the  sought  planet  is  indicated  by 
the  small  circle  at  L,  that  assigned  by  Mr.  Adams 
by  the  small  circle  at  a,  and  the  place  at  which 
it  was  actually  found  by  the  dot  at  N.  The 
distances  of  L  and  a  from  N  may  bfe  appreciated  by 
the  circle  which  is  described  around  the  dot  N,  and 
which  represents  the  apparent  disk  of  the  moon. 

The  distance  of  the  observed  place  of  the  planet 
from  tbe  place  predicted  by  M.  Le  Venier  was 
less  than  two  diameters,  and  from  that  predicted 
by  Mr.  Adams  less  than  five  diameters,  of  the 
lunar  disk. 

481.  Covreoted  elements  of  tlie  planet*^B 
orbit.  —  In  obtaining  the  elements  given  above, 
Mr.  Adams  based  his  calculations  on  the  observa- 
tions of  Uranus  made  up  to  1840,  while  the 
calculations  of  M.  Le  Verrier  were  founded  on 
observations  continued  to  1845.  On  subse- 
quently taking  into  computation  the  five  years 
ending  1845,  Mr.  Adams  concluded  that  the 
mean  distance  of  the  sought  planet  would  be  more  —  j.,g^ 
exactly  taken  at  33*33. 

After  the  planet  had  been  actually  discovered,  and  observations 
of  suflGicient  continuance  were  made  upon  it,  the  following  was 
foimd  to  be  its  more  exact  elements,  having  been  computed  by  M. 
Kowalski,  of  Kazan.  These  elements  appear  to  represent  the  orbit 
of  Neptune  sufficiently  well  up  to  the  present  time :  — 


Elements  of  Ncytune. 


At  Berlin  Af  mb  Time. 


Epoch  of  the  elements    - 
Mean  longitude  at  epoch 
Mi'aii  distance  from  tun 
Eccentricity  of  orbit 
Longitude  of  perihelion 

ascending  node 

Inclination  of  orbit 
Periodic  time 
Mean  annual  motion 


I  Jan.  1850.  M.  Noon. 

334°  36'  30". 

30on9- 

00091740. 

5oo76/j9';. 

ijoo  /  45". 

lO  47'  V\ 

164*5910  vears. 

xOi87a 
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482.  Biscrepaaolas  between  tlie  aotiua  and  predicted 
elements  explained.  —  Now  it  will  not  fail  to  strike  every  one 
who  devotes  the  least  attention  to  this  interesting  question,  that 
considerable  discrepancies  exist,  not  only  between  the  elements 
presented  in  the  two  proposed  solutions  of  this  problem,  but 
oetween  the  actual  elements  of  the  discovered  planet  and  both  of 
these  solutions.  There  were  not  wanting  some  who,  viewing  these 
discordances,  did  not  hesitate  to  declare  that  the  discovery  of  the 
planet  was  the  result  of  chance,  and  not,  as  was  claimed,  of  mathe- 
matical reasoning,  since,  in  fact,  the  planet  discovered  was  not 
identical  with  ei^er  of  the  two  planets  predicted. 

To  draw  such  a  conclusion  from  such  premises,  however,  betrays 
a  total  misapprehension  of  the  nature  and  conditions  of  the  problem. 
J£  the  problem  had  been  determinate,  and,  consequently,  one  which 
admits  of  but  one  solution,  then  it  must  have  been  inferred,  either 
that  some  error  had  been  committed  in  the  calculations  which 
caused  the  discordance  between  the  observed  and  computed  ele- 
ments, or  that  the  discovered  planet  was  not  that  which  was  sought, 
and  which  was  the  physical  cause  of  the  observed  disturbances  of 
Uranus.  But  the  problem,  as  has  been  already  explained,  being 
more  or  less  indeterminate,  admits  of  more  than  one,  —  nay,  of  an 
indefinite  number  of  different  solutions,  so  that  many  different 
planets  might  be  assigned  which  would  equally  produce  the  disturb- 
ances which  had  been  observed ;  and  this  being  so,  the  discordance 
between  the  two  sets  of  predicted  elements,  and  between  both  of 
them  and  the  actual  elements,  are  nothing  more  than  might  have 
been  anticipated,  and  which,  except  by  a  chance  against  which  the 
probabilities  were  millions  to  one,  were,  in  fact,  inevitable. 

So  far  as  depended  on  reasoning,  the  prediction  was  verified;  so 
far  as  depended  on  chance,  it  failed.  Two  planets  were  assigned, 
both  of  which  lay  within  the  limits  which  fulfilled  the  conditions 
of  the  problem.  Both,  however,  differed  from  the  true  planet  in 
particidars  which  did  not  affect  the  conditions  of  the  problem. 
All  three  were  circumscribed  within  those  limits,  and  subject  to 
such  conditions  as  would  make  them  produce  those  deviations  or 
disturbances  which  were  observed  in  the  motions  of  Uranus,  and 
which  formed  the  immediate  subject  of  the  problem. 

483.  Comparison  of  tlie  effects  of  tbe  real  and  predicted 
planets. — It  may  be  satisfactory  to  render  this  still  more  clear, 
by  exhibiting  in  immediate  juxtaposition  the  motions  of  the 
hypothetical  planets  of  MM.  Le  Verrier  and  Adams  and  the  planet 
actually  discovered,  so  as  to  make  it  apparent  that  any  one  of  the 
three  under  the  supposed  conditions,  would  produce  the  observed 
disturbances.  We  have  accordingly  attempted  this  in^.  78, 
where  the  orbits  of  Uranus,  of  Neptune,  and  of  the  planets  assigned 
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by  MM.  Le  Verrier  and  Adams  are  laid  dowD^  with  the  positions 
of  the  planets  respectively  in  them  for  every  fifth  year,  from  1 800 


Flf.  78. 

to  1 845  inclusively.  This  plan  is,  of  course,  only  roughly  made ; 
but  it  is  sufficiently  exact  for  the  purposes  of  the  present  illustration. 
The  places  of  Uranus  are  marked  by  Q,  those  of  Neptune  by  ©, 
those  of  M.  Le  Verrier's  planet  by  0,  and  those  of  Mr.  Adams's 
planet  by  0. 

It  will  be  observed  that  the  distances  of  the  two  planets  assigned 
by  MM.  Le  Verrier  and  Adams,  as  laid  down  in  the  diagram, 
differ  less  from  the  distance  of  the  planet  Neptune  than  the  mean 
distances  given  in  their  elements  differ  from  the  mean  distance  of 
Neptune.  This  is  explained  by  the  excentricities  of  the  orbit, 
which,  in  the  elements  of  both  astronomers,  are  considerable,  being 
nearly  an  eighth  in  one  and  a  ninth  in  the  other,  and  by  the  posi- 
tions of  the  supposed  planets  in  their  respective  orbits. 

If  the  masses  of  the  three  planets  were  equal,  it  is  clear  that 
the  attraction  with  which  I^e  Verrier's  planet  would  act  upon 
Tranus,  would  be  less  than  that  of  the  true  planet,  and  that  of 
Adams's  planet  still  more  so,  each  being  leas  in   the  same  ratio  «& 
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the  square  of  its  distance  from  Uranus  is  greater  than  that  of 
Neptune.  But  if  the  planets  are  so  adjusted  that  what  is  lost  by 
distance  is  gained  by  the  greater  masses^  this  will  be  equalised^  and 
the  supposed  planet  will  exert  the  same  disturbing  force  as  the 
actual  planet,  so  far  as  relates  to  the  effects  of  variation  of  distance. 
It  is  true  that,  throughout  the  axes  of  the  orbits  over  which  the 
obseiTations  extend,  the  distances  of  the  three  planets  in  simulta- 
neous positions  are  not  everywhere  in  exactly  the  same  ratio,  while 
their  masses  must  necessarily  be  so ;  and,  therefore,  the  relative 
masses,  which  would  produce  perfect  compensation  in  one  position, 
would  not  do  so  in  others.  This  cause  of  discrepancy  would  operate, 
however,  under  the  actual  conditions  of  the  problem,  in  a  degree 
altogether  inconsiderable,  if  not  insensible. 

But  another  cause  of  difference  in  the  disturbing  action  of  the 
real  and  supposed  planets  would  arise  from  the  fact  that  the  direc- 
tions of  the  disturbing  forces  of  all  the  three  planets  are  different, 
as  will  be  apparent  on  inspecting  the  figure,  in  which  the  degree 
of  divergence  of  these  forces  at  each  position  of  the  planets  is  in- 
dicated ;  but  it  will  be  also  apparent  that  this  divergence  is  so  very 
inconsiderable  that  its  effect  must  be  quite  insensible  in  all  positions 
in  which  Uranus  can  be  seriously  affected.  Thus,  from  1 800  to 
181 5,  the  divergence  is  very  small.  It  increases  from  1815  to 
1835  ;  but  it  is  precisely  here,  near  the  epoch  of  heliocentric  con- 
junction, which  took  place  in  1822,  that  all  the  three  planets  cease 
to  have  any  dii*ect  effect  in  accelerating  the  motion  of  Uranus. 
When  the  latter  planet  passes  this  point  sufficiently  to  be  sensibly 
retarded  by  the  disturbing  action,  as  is  the  case  after  1835,  the 
divergence  again  becomes  inconsiderable. 

From  these  considerations  it  will  therefore  be  understood,  that 
the  disturbances  of  the  motion  of  Ui-anus,  so  far  as  these  were 
ascertained  by  observation,  would  be  produced  without  sensible 
difference,  either  by  the  actual  planet  which  has  been  discovered, 
or  by  either  of  the  planets  assigned  by  MM.  Le  Vender  and 
Adams,  or  even  by  an  indefinite  number  of  others  which  might 
be  assigned,  either  within  the  path  of  Neptune,  or  between  it  and 
that  of  Adams's  planet,  or,  in  fine,  beyond  this  —  within  certain 
assignable  limits. 

484.  nro  part  of  tbe  merit  of  this  aiftoovery  ascHbable 
to  olianee.  —  That  the  planets  assigned  by  MM.  Le  Verrier  and 
Adams  are  not  identical  with  the  planet  to  the  discovery  of  which 
their  researches  have  conducted  practical  observers  is,  therefore, 
true ;  but  it  is  also  true  that,  if  they  or  either  of  them  had  been 
identical  with  it,  such  excessive  amount  of  agreement  would  have 
been  purely  accidental,  and  not  at  all  the  result  of  the  sagacity  of 
the  mathematician.    All  that  human  sagacity  could  do  with  the 
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data  presented  by  observation  was  done.  Among  HHfllH 

an  indefinite  number  of  possible  planets  capable  |H^hH 

of  producing  the  disturbing  action,  two  were  as-  HK^HI 

signed,  both  of  which  were,  for  all  the  purposes  H^P^ni 

of  the  inquiry,  so  nearly  coincident  with   the  ^^H^^^l 

real  planet  as  inevitably  and  immediately  to  lead  H^^^^H 

to  its  di^oveiy.  ^^^^^^1 

485.  Period.  —  After  a  complete  revolution  ^^^^^^| 
of  the  earth,  Neptune  is  found  to  advance  in  its  ^^^^^^| 
course  no  more  than  2°'i  87,  and  consequently  its  ^^^H^| 
period  is  164-591  years.  I^^l^l 

486.  Bistanee  from  the  snn. — The  monn  ^^^^B^l 
distance  of  Neptune  from  the  sun  is  3003 70,  ^^^^^^| 
assuming  the  distance  of  the  earth  fi*om  the  sun  ^^^H^| 
to  be  I .  ^^^^^^1 

487.  Relative  orbits  and  distances  of  ^^^^^^| 
nreptune  and  tbe  eartli. — It  appears  then  that  ^^^H^H 
the  system  possesses  another  member  still  more  ^^^^^^| 
remote  from  the  common  centre  of  light,  heat,  ^^^^^^| 
and  attraction.  Jn  Jig,  79  the  earth's  orbit  is  re-  ^^^^^^| 
presented  at  ee''"  ;  and  a  part  of  that  of  Neptune,  ^^^^^^H 
on  the  same  scale,  is  represented  at  N.  The  ^^^^^H 
actual  distance  of  N  from  s  is  rather  more  than  ^^^H^H 
thirty  times  that  of  £  from  s.  The  mean  dis-  ^^^^^^| 
tance  of  Neptune  from  the  sun  is,  therefore,  about  ^^^^^^| 
2,746,000,000  miles.  ^^^^^^1 

488.  Apparent  and  real  diameter. — The  ^^^^^^| 
apparent  diameter  of  the  planet,  seen  when  in  ^^^^^^| 
opposition,  is  about  2'''9.  Its  distance  from  the  ^^^^^^| 
earth  being,  then,  2654  millions  of  miles,  and  the  ^^^^^H 
linear  value  of  i^'  at  this  distance  being  12,867  ^^H/^^M 
miles,  the  actual  diameter  of  the  planet  will  be  ^^^|^^| 
37,3 14  miles.  ^^^^^^ 

The  diameter  of  the  planet  is,  therefore,  a  ^M 

little   greater  than  that  of  Uranus,  about  half  ^M 

that  of  Saturn,  and  about  four  and  a  half  times  ^M 

that  of  the  earth.  ^M 

According  to  Mr.  Hind,  the  apparent  diameter  ^M 

is  only  2"-6,  a  value  which,  he  says,  is  deduced  ^| 

from  careful  measurements  made  with  some  of  ^^^^^ 

the   most  powerful  European   telescopes.     This  ^^^^H 

value  would  make  the  diameter  of  Neptune  about  ^^|^H 

the  $!>ame  as  that  of  Uranus.  ^^E^B 

489.  SateUite  of  nreptone.— A  satellite  of  ^HBHi 
this  planet  was  discovered  by  Mr.  Lassell   in  Fig.  79. 
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October,  1846;  and  was  afterwards  observed  by  other  astronomers 
both  in  Europe  and  the  United  States.  The  first  observations 
then  made  raised  some  suspicions  as  to  the  presence  of  another 
satellite  as  well  rr  of  a  ring  analogous  to  that  of  Saturn.  Not- 
withstanding the  i.u.uerousobservera,  and  the  powerful  instiniments 
which  have  been  directed  to  the  planet  since  the  date  of  these 
observations;  nothing  has  been  detected  which  has  had  any  ten- 
dency to  confirm  these  suspicions. 

The  existence  of  the  satellite  first  seen  by  Mr.  Lassell  has,  how- 
ever^  not  only  been  fully  established,  but  its  motion,  and  the 
elements  of  its  orbit,  have  been  ascertained,  first  by  the  observa- 
tions of  M,  Otto  Struve  in  September  and  December,  1 847,  and 
later  and  more  fully  by  those  of  his  late  relative  M.  Auguste  Struve, 
in  1848-9. 

From  these  observations  it  appears  that  the  distance  of  the 
satellite  from  the  planet  at  its  gn^atest  elongation  subtends  an 
angle  of  1 8"'  at  the  earth  ;  and  since  the  diameter  of  the  planet  sub- 
tends an  angle  of  z'^'S  at  the  same  distance,  it  follows,  therefore, 
that  the  distance  of  the  satellite  from  the  centi*e  of  the  planet  is 
equal  to  thiiteen  semi-diameters  of  the  latter. 

The  mean  daily  angular  motion  of  the  satellite  round  the  centre 
of  the  planet  is,  according  to  tlie  observations  of  Mr.  Lassell,  made 
at  Malta,  6i®'o866,  and  consequently  the  period  of  the  satellite  is 
5-8769  days,  or  5**  21**  2"*7,  a  result  which  is  subject  to  an  eiTor 
not  exceeding  5  minutes. 

If  the  semi-diameter  of  Neptime  be  1 8.700  miles,  the  actual 
distance  of  the  satellite  fram  the  surface  of  the  planet  is  224,400 
miles,  being  a  little  less  than  the  distance  of  the  moon  from  the 
eiirth's  centre. 

490.  Mass  and  density. — This  discovery  of  a  satellite  has 
supplied  the  means  of  determining  the  mass,  and  therefore  the 
density,  of  the  planet  Professor  Pierce,  calculating  by  the  prin- 
ciples already  explained,  has  found  that  the  mass  of  Neptune  is  the 
18,780th  pai't  of  the  mass  of  the  sun;  and  since  its  diameter  is 
about  the  23^rd,  and  its  volume  the  1 3,000th,  part  of  that  of  the 
sun,  its  density  will  be  ab«iut  two-thirds  that  of  the  sun,  and  about 
the  sixth  part  of  the  density  of  the  earth. 

Other  estimates  make  the  mass  different.  According  to  Professor 
Bond  it  is  the  19,400th,  and  according  to  Mr.  Hind,  from  a  discus- 
sion of  Mr.  Lassell's  obsenations  made  at  Malta,  the  17,500th, 
while  M.  Struve  makes  it  the  14,446th  part  of  the  mass  of  the  sun. 

491.  Apparent  majrnitnde  of  tbe  snn  at  nreptone. — The 
apparent  diameter  of  the  sim,  as  seen  trom  Neptune,  being  30 
times  less  than  fi-om  the  earth,  is  about  60'^ ;  the  sun,  thereforei 
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appears  of  the  same  magnitude  as  Venus  seen  as  a  morning  or 
evening  star. 

The  relative  apparent  magnitudes  are  exhibited  in^.  80^  at  s 
and  N. 


Fig.  80. 

It  would;  however,  be  a  great  mistake  to  infer  that  the  light  of 
the  sun  at  Neptune  approaches  in  any  degree  to  the  faintness  of 
that  of  Venus  at  the  earth.  If  Venus,  when  that  planet  appears 
as  a  morning  or  evening  star,  with  the  apparent  diameter  of  60", 
had  a  full  disk  (instead  of  one  halved  or  nearly  so,  like  the  moon 
at  the  quai-ters),  and  if  the  actual  intensity  of  light  on  its  surface 
were  equal  to  that  on  the  surface  of  the  sun,  the  light  of  the  planet 
would  be  exactly  that  of  the  sun  at  Neptune.  But  the  intensity 
of  the  light  which  falls  on  Venus  is  less  than  the  intensity  of  the 
light  on  the  sun's  surface,  in  the  ratio  of  the  square  of  Venus'  dis- 
tance to  that  of  the  sun's  semi-diameter,  upon  the  supposition  that 
the  light  is  propagated  according  to  the  same  law  as  if  it  issued 
Irom  the  sun's  centre ;  that  is,  as  the  square  of  37  millions  to  the 
square  of  half  a  million  nearly,  or  as  37'  :  },  that  is,  as  5476  to  i. 
If,  therefore,  the  surface  of  Venus  reflected  (which  it  does  not)  all 
the  light  incident  upon  it,  its  apparent  light  at  the  earth  (consider- 
ing that  little  more  than  half  its  illuminated  surface  is  seen)  is 
about  1 1 ,000  times  less  than  the  light  of  the  sun  at  Neptime. 

Small,  therefore,  as  is  the  apparent  magnitude  of  the  sun  at 
Neptune,  the  intensity  of  its  daylight  is  probably  not  less  than 
that  which  would  be  produced  by  about  20,000  stars  shining  at 
once  in  the  firmament,  each  being  equal  in  splendour  to  Venus  when 
that  planet  is  brightest 

In  addition  to  these  considerations,  it  must  not  be  forgotten  that 
all  such  estimates  of  the  comparative  efficiency  of  the  illuminating 
and  heating  power  of  the  sun  is  based  upon  the  supposition  that 
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his  light  is  received  under  like  physical  conditioBS ;  and  that  many 
conceivable  modifications  in  the  physical  state  of  the  body  or 
medium,  on  or  into  which  the  light  falls,  and  in  the  structure  of 
the  visual  organs  which  it  affects,  may  render  light  of  an  extremely 
feeble  intensity  as  efficient  as  much  stronger  light  is  found  to  be 
under  other  conditions. 

492.  Suspeoted  ring*  of  nreptone.  —  Messrs.  Lassell  and 
Challis  have  at  times  imagined  that  indications  of  some  such  ap- 
pendage as  a  ring,  seen  nearly  edgewise,  were  perceptible  upon  the 
disk  of  Neptune.  These  conjectures  have  not  yet  received  any 
confirmation.  When  the  declination  of  the  planet  will  have  so 
far  increased  as  to  present  the  ring,  if  such  an  appendage  be  really 
attached  to  the  planet,  at  a  less  oblique  angle  to  the  visual  ray, 
the  question  will  probably  be  decided. 


CHAPTER  XVIL 

ECLIPSES,  TRANSITS,  AND  OOUULTATIONS. 

493.  Xnterpositioii  of  celestial  objects. — The  objects  which 
in  such  countless  numbers  are  scattered  over  the  firmament  being 
at  distances  and  in  positions  infinitely  various,  and  many  of  them 
being  in  motion,  so  that  the  directions  of  lines  drawn  fi-om  one  to 
another  are  constantly  vaiying,  it  must  occasionally  happen  that 
three  will  come  into  the  same  line,  or  nearly  so.  Such  a  con- 
tingency produces  a  class  of  occasional  astronomical  phenomena 
which  are  invested  with  a  high  popular  as  well  as  a  profound 
scientific  interest.  The  rareness  with  which  some  of  them  are 
presented,  their  sudden  and,  to  the  vulgar  mass,  unexpected 
appearance,  and  the  singular  phenomena  which  often  attend  them, 
strike  the  popular  mind  with  awe  and  terror.  To  the  astronomer, 
geographer,  and  navigator,  they  subserve  important  uses,  among 
which  the  determination  of  terrestrial  longitudes,  the  more  exact 
estimation  of  the  sim's  distance  from  the  earth  (which  is  the 
standard  and  modulus  of  all  distances  in  the  celestial  spaces),  the 
discovery  of  the  mobility  of  light,  and  the  measure  of  its  velocity, 
hold  foremost  places. 

When  one  of  the  extremes  of  the  series  of  the  three  bodies 
which  thus  assume  a  common  direction  is  the  sun,  the  interme- 
diate body  deprives  the  other  extreme  body,  either  wholly  or 
partially,  of  the  illumination  which  it  habitually  receives.  WTien 
one  of  the  extremes  is  the  earth,  the  intermediate  body  intercepts, 
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wholly  or  partially,  the  other  extreme  body  from  the  Tiew  of 
observers  situate  at  places  on  the  earth  which  are  in  the  common 
line  of  direction,  and  the  intermediate  body  is  seen  to  pass  across 
the  other  extreme  body  as  it  enters  upon  and  leaves  the  common 
line  of  direction.  The  phenomena  resulting  from  such  contingen- 
cies of  position  and  direction  are  variously  denominated,  eclipsbs, 
TRANSITS,  and  occttltations,  according  to  the  relative  apparent 
magnitudes  of  the  interposing  and  obscured  bodies,  and  according 
to  the  circumstances  which  attend  them. 

494.  Ctoneral  oonditloiift  wliieli  determine  the  pbenomena 
of  interpositioii  wben  one  of  tbe  extreme  objects  is  tbe 
eartb. — If  the  interposing  and  intercepted  objects  have  disks  of 
sensible  magnitude,  the  effects  attending  their  interposition  will 
depend  on  the  magnitude  of  the  diameters 

of   their  disks  and   the  apparent    distance  ^^      /'"X 

between  their  centres.  ^V      V  *  V  ^ 

Let  D  express  the  apparent  distance  between 
the  centres  of  the  two  disks.     Let  r  be  the  ^^    \ 

semi-diameter  of  the  nearer,  and  r' that  of  ^^^K*  )^ 

the  more  distant  disk. 

495.  Condition  of  no  interposition. —  ^    \ 
Bztemal  contact. —  If  D  be  greater  than  ^^v/V^ 
?•-}->•',  as  represented  at  A,  Jig.  81,  the  disks 

must  be  entirely  outside  each  other,  and  con-  ^B^  n 

sequently  no    interposition   can   take  place.  ^R' 

The  nearest  points  of  the  edges  of  the  disks  ^^.^^ 

ai-e,  in  this  case,  at  a  distance  equal  to  the  (101^^^ 

difference  between  D  and  r+r',  that  is,  D—  ^^B^ 

C^+O*  If  D  =  r  -h  r',  as  at  B,  the  disks  will 
touch  without  interposition.  This  is  called 
the  position  of  external  contact. 

496.  Partial  interposition.  —  If  D  be  less 
than  r-\-r^,  the  nearer  disk  will  be  partially 

interposed,  as  at  c.     In  this  case,  the  greatest  

breadth  of  the  obscured  part  of  the  more  re-  pj^  g, 

mote  disk  is  (r  +  O  ~  ^*     ^^  ^  evident  that 
the  less  the  distance  D  is,  the  greater  will  be  this  breadth,  and 
the  greater  the  part  obscured. 

497.  Zntemal  contact  of  interposing  disk. — K  the  interpos- 
ing disk  be  less  than  the  more  distant,  it  will  reduce  the  latter 
to  a  crescent,  the  points  of  the  horns  of  which  meet,  as  represented 
at  D,  when  D=r  — r',  that  is,  when  the  distance  between  the 
centres  is  equal  to  the  difference  of  the  apparent  semi-diameters. 

498.  Centrical  interposition  of  lesser  disk. —  If  in  the  same 
case  the  centres  coincide,  as  at  E,  the  nearer  disk,  covering  all 
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the  central  portion  of  the  more  distant,  will  leave  uncovered 
around  it  a  regular  ring  or  annulus  of  visihle  surface,  the  breadth 
of  which  will  be  the  difference  r^f  of  the  semi-diameters. 

499.  Complete  interpoeitloii. — If  the  nearer  disk  be  greater 
than  the  more  remote,  and  the  distance  n  between  the  centres  be 
not  greater  than  r—r',  the  difference  of  the  semi-diameters,  the 
more  remote  disk  will  be  completely  covered,  and  will  continue  so 
until  the  centres  separate  to  a  greater  distance  than  r—r^,  as  repre- 
sented at  F  and  o. 

I.  Solar  Eclipses. 

500.  Solar  eclipses. — The  case  of  the  sun  and  moon  presents 
all  these  various  appearances.  The  disks,  though  nearly  equal,  are 
each  subject  to  a  variation  of  magnitude  conned  within  certain 
narrow  limits  as  has  been  already  explained ;  and,  in  consequence, 
the  disk  of  the  moon  is  sometimes  a  little  greater,  and  sometimes 
a  little  less,  than  that  of  the  sim.  Their  centres  move,  as  has  been 
explained,  in  two  apparent  circles  on  the  firmament ;  that  of  the 
sun  in  the  ecliptic,  and  that  of  the  moon  in  a  circle  inclined  to  the 
ecliptic  at  a  small  angle  of  about  5^  These  circles  intersect  at  two 
opposite  points  of  the  firmament  called  the  moon's  nodes  ( 1 96).  In 
consequence  of  the  very  small  obliquity  of  the  moon's  orbit  to  the 
ecliptic,  the  distance  between  these  paths,  even  at  a  considerable  dis- 
tan(^e  at  either  side  of  the  node,  is  necessarily  small.  Now,  since 
the  centres  of  the  disks  of  the  sun  and  moon  must  each  of  them  pass 
once  in  each  revolution  through  each  node,  it  will  necessarily 
happen  &om  time  to  time  that  they  will  be  both  at  the  same 
moment  either  at  the  node  itself,  or  at  some  points  of  their  respec- 
tive paths  so  near  it,  that  their  apparent  distance  astmder  will  be 
less  than  the  sum  of  their  apparent  semi-diameters,  and  either  t^)tal 
or  partial  interposition  must  take  place,  according  to  the  relative 
magnitudes  of  their  disks,  and  to  the  distance  between  the  points 
of  their  respective  paths  at  which  their  centres  are  simultaneously 
found. 

501.  Partial  solar  eclipse. — If  the  apparent  distance  D  between 
their  centres  be  less  than  the  sum  (r-^r^),  but  greater  than  the  dif- 
ference (r—r')  of  their  apparent  semi-diameters,  a  partial  interposi- 
tion will  take  place  (496).  The  greatest  breadth  of  the  obscured 
parts  of  the  solar  disk  will  in  this  case  be  equal  to  the  difference 
between  the  sum  of  the  apparent  semi-diameters,  and  the  distance 
between  the  centres  of  the  two  disks,  that  is,  (r+r^)  —  d. 

502.  lEaffnitade  of  eclipses  expressed  by  digits.  — K  the 
apparent  diameter  of  the  obscured  object  be  supposed  to  be  divided 
into  twelve  equal  parts^  each  of  these  parts  in  reference  to  eclipses 
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If  called  a  Diorr,  and  the  magnitude  of  an  eclipse  is  expressed  b^r 
the  number  of  digits  contained  in  the  greatest  breadth  of  the  ob- 
scured part  of  the  disk. 

503.  Total  solar  eclipse. — To  produce  a  total  solar  eclipse,  it 
is  necessary,  ist,  that  the  apparent  diameter  of  the  moon  should 
be  equal  to  or  greater  than  that  of  the  sun,  and,  2dly,  that  the  ap- 
parent places  of  their  centres  should  approach  each  other  within  a 
distance  not  greater  than  t-t'^  the  difference  of  their  apparent 
semi-diameters.  When  these  conditions  are  fulfilled,  and  so  long 
as  they  continue  to  be  fulfilled,  the  eclipse  will  be  total  (499). 

The  greatest  value  of  the  apparent  semi-diameter  of  the  moon,  r, 
being  1 006",  and  the  least  value  of  that  of  the  sun,  r',  being  946", 
we  shall  have  r  —  r'  =  60". 

The  greatest  possible  duration,  therefore,  of  a  total  solar  eclipse 
will  be  the  time  necessary  for  the  centre  of  the  moon  to  gain  upon 
that  of  the  sun  60"  X  2  ==  1 20".  But  since  the  mean  synodic 
motion  of  the  moon  is  at  the  rate  of  30"  per  minute,  it  follows 
that  the  duration  of  a  total  solar  eclipse  can  never  exceed  four 
minutes. 

504.  Annular  eclipses.  —  When  the  apparent  diameter  of  the 
moon  is  less  than  that  of  the  sun,  its  disk  will  not  cover  that  of 
the  sun,  even  when  concentrical  with  it.  In  this  case,  a  ring  of 
light  would  be  apparent  round  the  dark  disk  of  the  moon,  the 
breadth  of  which  would  be  equal  to  the  difference  of  the  apparent 
semi-diameters,  as  represented  at  E,  Jig.  8 1 .  When  the  disks  are 
not  absolutely  concentrical,  the  distance  between  their  centres  being, 
however,  less  than  the  difference  of  their  apparent  'semi-diameters, 
the  dark  disk  of  the  moon  will  still  be  within  that  of  the  sun,  and 
will  appear  surrounded  by  a  luminous  annulus,  but  in  this  case  the 
ring  will  vary  in  breadth,  the  thinnest  part  being  at  the  point 
nearest  to  the  moon's  centre ;  and  when  the  distance  between  the 
centres  is  reduced  to  exact  equality  with  the  ditterence  of  the 
appai'ent  semi-diametei-s,  the  ring  becomes  a  very  thin  crescent, 
the  points  of  the  horns  of  which  unite,  as  represented  at  D,  fig. 
81. 

The  greatest  breadth  of  the  crescent  will  be  in  this  case  equal 
to  the  difference  of  the  apparent  diameters  of  the  sun  and  moon. 

The  greatest  apparent  semi-diameter  of  the  sim  being  1 6'  1 8'^, 
and  the  least  apparent  semi-diameter  of  the  moon  being  1 4'  44  , 
tlie  greatest  possible  breadth  of  the  annulus  when  the  eclipse  is 
centrical  will  be  r— 7-'=9^",  which  is  about  the  20th  part  of  the 
mean  apparent  diameter  of  the  sun. 

The  greatest  interval  dming  which  the  eclipse  can  continue 
annular  is  the  time  necessary  for  the  centre  of  the  moon  to  move 
synodically  over  94"  x  2=188",  and,  since  the  mean  synodic  mo- 
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tion  is  at  the  rate  of  30'^  per  minute^  this  interval  will  be  about 
6*26  minutes. 

505.  Solar  eclipses  can  only  oconr  at  or  near  tbe  epocb  of 
new  moons.  —  Tliis  is  evident,  because  the  condition  which 
limits  the  apparent  distance  between  the  centres  of  the  disks  to 
the  sum  of  the  apparent  semi-diameters,  involves  the  consequence 
that  this  distance  cannot  much  exceed  30',  and  as  the  difference 
of  longitudes  must  be  still  less  than  this,  it  follows  that  the 
eclipse  can  only  take  place  within  less  than  half  a  degree  in  appa- 
rent distance,  and  within  less  than  two  hours  of  the  epoch  of  con- 
junction. 

506.  Sffects  of  parallax.  —  Since  the  visual  directions  of  the 
centres  of  the  disks  of  the  sun  and  moon  vary  more  or  less  with 
the  position  of  the  observer  upon  the  earth's  siurface,  the  conditions 
which  determine  the  occurrence  of  an  eclipse,  and  if  it  occur, 
those  which  determine  its  character  and  magnitude,  are  neces- 
sarily different  in  different  parts  of  the  earth.  While  in  some 
places  none  of  the  conditions  are  fulfilled,  and  no  eclipse  occurs,  in 
others  an  eclipse  is  witnessed  which  varies  from  one  place  to 
another  in  its  magnitude,  and  in  some  may  be  total,  while  it  is 
partial  in  others. 

If  the  change  of  position  of  the  observer  upon  the  earth's  sur- 
face affected  the  visual  directions  of  the  centres  of  the  two  disks 
equally,  which  would  be  the  case  if  they  were  equally  distant,  or 
nearly  so,  no  change  in  the  apparent  distance  between  them  would 
be  produced,  and  in  that  case  the  eclipse  would  have  the  same 
appeai-ance  exactly  to  all  observers  in  every  part  of  the  earth.  But 
the  Sim  being  about  400  times  more  distant  than  the  mObn,  the 
visual  direction  of  the  centre  of  its  disk  is  affected  by  any  differ- 
ence of  position  of  the  observers,  to  an  extent  400  times  less  than 
that  of  the  moon's  centre. 

Let  8,  E,  and  yL^fig.  82,  represent  sections  of  the  sim,  earth, 
and  moon,  made  by  the  plane  which  passes  through  their  centres. 
Let  a  line  p  m  «  be  drawn,  touching  t^e  sun  and  moon,  but  so  that 
they  shall  lie  on  opposite  sides  of  it.  It  is  evident  that  to  an  ob- 
server at  P,  the  dark  disk  of  the  moon  would  touch  that  of  the  sun 
externally,  for  the  apparent  distance  between  the  centres  would 
be  measured  by  the  angle  s  p  m,  which  is  equal  to  the  sum  s  P  «, 
the  apparent  semi-diameter  of  the  sun,  and  u  p  m  that  of  the 
moon. 

From  the  point  s  let  lines  be  supposed  to  be  drawn,  touching 

the  earth  at  p  and  p\    It  is  evident  that,  to  an  obsen^er  situate 

between  p  and  p%  the  apparent  distance  of  the  centres  of  the  moon 

And  sun  would  be  greater  than  the  sum  of  their  apparent  semi* 

diameters,  and  they  would  tberefote  be  Be^rated  at  the  neaiest 


\ 


\ 
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])oint8  of  their  diaks  by  a  space  equal  to  the  excess  of  this  distance 
above  the  sum  of  the  apparent  semi-diameters. 

Adopting  the  signs  abeady  used,  let  r  ex- 
press the  apparent  semi-diameter  of  the  moon, 
or  nearer  diak,  r^  that  of  the  sun,  or  more  dis- 
tant disk,  and  B  the  apparent  distance  between 
their  centres,  we  sh^  have  B  greater  than 
r-f  r'  for  every  point  from  p  to  //,  and  the 
excess  will  increase  continually  from  p  to  //. 

On  the  other  hand,  for  every  point  between 
p  and  Pf  D  will  be  less  than  r-f /,  and  the  sun 
will  be  eclipsed,  the  magnitude  of  the  eclipse 
augmenting  gradually  from  p  to  j». 

The  phenomena  varying  therefore  indefi- 
nitely with  the  position  of  the  observer  upon 
the  earth,  it  is  necessary,  in  order  to  render 
their  prediction  practicable,  to  select  a  fixed 
position  for  which  they  may  be  calculated, 
formulae  being  established,  and  tables  pre- 
pared, by  which  the  difference  between  the 
appearances  there  and  at  any  proposed  place 
may  be  computed.  The  fixed  point  selected 
for  this  purpose  is  the  centre  E  of  the  earth. 

The  angular  distance  between  the  centres 
of  the  disks  of  the  sim  and  moon,  as  seen  from 
any  place,  such  as  P  for  example,  is  called 
their  apparent  distance  at  that  place,  and  their 
angular  distance,  as  seen  from  the  centre  E  of 
the  earth,  is  called  their  true  distance.  Thus, 
s  p  H  is  the  apparent  distance  between  the 
centres  at  p,  and  s  E  M  is  their  true  distance. 

In  the  actual  calculations  necessary  to  sup- 
ply an  exact  prediction  of  the  beginning, 
middle,  the  end,  and  the  magnitude  of  a 
solar  eclipse,  many  particulars  must  be  taken  into  account,  which 
are  not  adapted  to  a  work  such  as  the  present,  but  which  present 
no  other  difficulty  than  such  as  attends  elaborate  arithmetical  com- 
putation. 

507.  Sbadow  prodnced  by  an  opaqne  rlobe.  —  Connected 
with  the  phenomena  of  eclipses  and  transits  are  certain  properties 
of  shadows. 

When  a  luminous  body,  radiating  light  in  all  directions  aroimd 
it,  throws  these  rays  upon  an  opaque  body,  that  body  prevents  a 
portion  of  the  rays  from  penetrating  into  the  space  behind  it. 
That  part  of  the  space  from  which  the  U^bt  \&  l\v>aA  ^"xsisA^Xs^ 
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the  interpontion  of  the  optqae  bodj,  is  called  in  MtnmomT  the 
SHADOW  of  that  body. 

The  shape,  magnitude,  and  extent,  of  the  shadow  of  an  opaque 
body  will  depend  partly  on  the  shape  and  magnitude  of  the  opaque 
body  itself,  and  partly  on  that  of  the  body  from  which  the  light 
prrxxeds. 

508.  Form  and  dimeaaloiia  of  tlio  sbmdow.  —  In  the  cases 
which  are  actually  presented  in  astronomy,  the  luminous  body 
being  the  sun,  and  the  opaque  body  a  planet  or  satellite,  both 
are  globes,  aud  the  former  of  much  greater  dimensions  than  the 
latter.  It  is  easy  to  show  that  in  such  case  the  shadow  will  be  a 
cone,  projected  to  a  certain  distance  behind  the  opaque  body.  The 
length  of  this  cone,  and  the  angle  formed  at  its  vertex,  may  be 
computed,  when  the  real  diameters  of  the  sun  and  the  body  which 
forms  the  shadow,  and  the  distance  of  the  one  fix)m  the  other,  are 
known. 

509.  Total  and  partial  solar  oelipaoa  explained  by  tlie 
lunar  aliadow.  —  The  moon  thus  projects  behind  it  a  conical 
shadow,  the  dimensions  of  which  can  be  ascertained  by  computation. 
If  when  the  moon  comes  between  the  sun  and  the  earth,  which  it 
must  do  near  conjunction,  if  it  be  not  far  removed  from  the  node 
of  its  orbit,  this  shadow  will  be  projected  on  a  part  of  the  hemi- 
sphere of  the  earth  which  is  turned  to  the  sun,  provided  its  length 
be  greater  than  the  moon's  distance,  &s  represented  in  Jig,  83.  In 
this  case  the  shadow  will  move  over  certain  points  of  the  surface 
of  the  earth  lying  around  the  point  to  which  its  axis  is  directed. 
The  light  of  the  sun  being  altogether  intercepted  within  the  limits 
of  the  shadow,  a  total  eclipse  will  take  place,  the  duration  of  which 
will  be  determined  by  the  limits  and  movement  of  the  shadow  thus 
projected,  which  is  in  effect  the  intersection  of  the  conical  shadow 
of  the  moon  and  the  earth's  surface. 

To  those  parts  of  the  earth  which  are  outside  the  limits  a  a'  of 
the  shadow,  but  within  those  ;?/>'  of  the  penumbra,  a  partial  eclipse 
will  be  exhibited,  the  magnitude  of  which  will  be  so  much  the 
greater  the  nearer  the  place  is  to  the  axis  of  the  shadow.  All  such 
parts  will  be  more  faintly  illuminated  in  proportion  to  the  extent  of 
the  sun's  disk  which  is  obscured. 

5 1  o.  Annnlar  eolipaea  explained  by  abadow. — If  the  length 
oCthe  shadow  be  less  than  the  moon's  distance  from  the  earth,  the 
vertex  not  reaching  to  the  earth,  no  part  of  the  earth's  surface  can 
be  immersed  in  the  shadow.  In  that  case,  a  centrical  annular 
eclipse  will  be  exhibited  at  those  points  of  the  earth's  surface  to 
which  the  axis  of  the  shadow  is  directed.  This  case  is  represented 
\x^  Jig,  84.,  where  /  represents  the  vertex  of  the  moon's  shadow. 
At  all  places  within  the  circle  upon  the  earth,  of  which  aa!  is  the 
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diameter,  there  will  be  an  annular  eclipse,  and  at  the  centre  of  the 
drcie  the  eclipse  will  be  centrical,  the  annulus  being  of  uniform 


Fig.  8s. 
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bieadth.  Outside  this  circle,  so  far  as  the  penumbra  extends,  the 
eclipse  will  be  partial,  its  magnitude  decreasing  as  the  distance  of 
the  place  from  the  centre  of  the  circle  increases,  until  at  the  limit  of 
the  penumbra  the  phenomenon  ceases  to  be  exhibited. 

511.  Solar  eeliptio  limits. —  The  moon's  orbit  being  inclined  to 
the  ecliptic,  at  an  angle  of  5°,  and,  consequently,  the  distance  of 
the  moon's  centre  from  the  ecliptic  vaiying  in  each  month  from 
0°  to  5*,  while  the  interposition  of  the  moon  between  any  place 
on  the  earth  and  the  sun,  requires  that  the  apparent  distance  of 
their  centres  should  not  exceed  the  sum  of  their  apparent  semi- 
diameters,  which  never  much  exceeds  half  a  degree,  it  is  clear 
that  an  eclipse  can  never  happen  except  when,  at  the  time  of 
conjunction,  the  apparent  distance  of  the  moon's  centre  from  the 
ecliptic  is  within  that  limit,  a  condition  which  can  only  be  fulfilled 
within  certain  small  distances  of  the  moon's  nodes. 

There  is  a  certain  distance  from  the  moon's  node  beyond  which 
a  solar  eclipse  is  impossible,  and  a  certain  lesser  distance,  vnthift 
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which  that  phenomenon  is  mevUable,    These  distance*  are  caiied 

the  SOLAR  ECUFTIC  IHfUB. 

512.  Aypmrane—  attending  total  solar  ocllpaea. — A  natural 
consequence  of  the  diffusion  of  knowledge  is,  that  while  it  lessens 
the  vague  sense  of  wonder  with  which  singular  phenomena  in 
nature  are  beheld,  it  increases  the  feeling  of  admiration  at  the 
harmoniuus  laws,  the  development  of  which  renders  easily  intelligible 
eff*ects  apparently  strange  and  unaccountable.  It  may  be  imagined 
what  a  sense  uf .  astonishment,  and  even  terror,  the  temporary 
disappearance  of  an  object  like  the  sun  or  moon  must  have  produced 
in  an  age  when  the  causes  of  eclipses  were  known  only  to  the 
learned.  Such  phenomena  were  regarded  as  precursors  of  divine 
vengeance.  History  informs  us  that  in  ancient  times  armies  have 
been  destroyed  by  the  effects  of  the  consternation  spread  among 
them  by  the  sudden  occurrence  of  an  eclipse  of  the  sun.  Com- 
manders who  happened  to  possess  some  scientific  knowledge  have 
taken  advantage  of  it  to  work  upon  the  credulity  of  those  around 
them  by  menacing  them  with  prodigies,  the  near  approach  of  which 
they  were  well  aware  of,  illustrating  thus,  in  a  singular  and 
perverted  manner,  the  maxim  that  knowledge  is  power.* 

The  spectacle  presented  by  a  total  eclipse  of  the  sun  is  always  most 
imposing.  The  darkness  is  sometimes  so  intense  as  to  render  the 
brighter  stars  and  planets  visible.  A  sudden  fall  of  temperature 
is  sensible  in  the  air.  Vegetables  and  animals  comport  themselves 
as  they  are  wont  to  do  after  sunset.  Flowers  close,  and  birds  go 
to  roost  Nevertheless,  the  darkness  is  different  from  the  natural 
nocturnal  darkness,  and  is  attended  with  a  certain  indescribable 
unearthly  light  which  throws  upon  surrounding  objects  a  faint  hue^ 
sometimes  reddish,  and  sometimes  cadaverously  green. 

Many  interesting  narratives  have  been  publidied  by  scientific  ob- 
servers, who  have  been  so  fortunate  as  to  witness  these  phenomena. 

513.  Bally'a  beads. — When  the  disk  of  the  moon,  advancing 
over  that  of  the  sun,  has  reduced  the  latter  to  a  thin  crescent,  it 
was  observed  by  Mr.  Francis  Baily,  in  the  solar  eclipses  of  1836 
and  1 842,  that  immediately  before  the  beginning,  or  after  the  end 
of  complete  obscuration,  the  crescent  appeared  as  a  band  of  brilliant 
points  separated  by  dark  spaces,  so  as  to  give  to  it  the  appearance 
of  a  string  of  brilliant  "  beads."  The  phenomenon,  which  has 
since  been  frequently  re-observed,  thence  acquired  the  name  of 
Bailt*s  beads. 


*  Columbus  is  said  to  have  availed  himself  of  his  acquaintance  with 
practical  astronomy  to  predict  a  solar  eclipse,  and  used  the  prediction  as  a 
means  of  establishing  his  authority  over  the  crews  of  his  vessels,  who  showed 
indications  of  mutinoos  disobedience. 
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Fig.  ?5. 


Fig.  86. 

Fnrt]ier  observntion  showed,  that  before  the  formation  of  the 
*' beads"  the  horns  of  the  crescent  were  sometimes  interrupted  and 
broken  by  black  streaks  thrown  across  them, 
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These  phenomena  are  roughly  sketched  mjujs,  85  and  86. 

Figs,  87  to  90  are  taken  from  the  original  sketches  of  Mr.  Baily, 
representing  the  progressive  disappearance  of  the  heads  after  the 
termination  of  the  complete  obscuration. 

514.  Prodnoed  by  lunar  mountains  projected  on  the  sun** 


Fig.  87. 


Fig.  88. 


Fig.  89. 


Fig.  90 


disk. — These  phenomena  arise  from  the  projection  of  the  edge  of 
the  moon*s  disk,  serrated  by  numerous  inequalities  of  the  surface, 
approaching  so  close  to  the  external  edge  of  the  sun's  disk,  that  the 
points  of  the  projections  extend  to  the  latter,  while  the  inter- 
mediate spaces  remain  imcovored.  This  may  be  very  appropri- 
ately illustrated  by  laying  the  blade  of  a  circular  saw,  having  finely 
cut  teeth,  over  a  white  circle  of  nearly  equal  diameter  upon  a  black 
ground.  The  white  parts  between  the  teeth  will  appear  like  a 
necklace  of  white  pearls. 
The  fiicty  that  in  some  cases  the  beads  have  not  been  seen,  or  if 
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Teletoopic  views  of  the  nice-coloured  prominence*. 

1.  Attrunomcr  Kojml.  S.  Mr.  Stephenson.  &.  Mr.  Hind. 


JL  Mr.  any. 


4.  Mr.  LmnU. 
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seen,  appeared  in  a  less  conspicuous  manner,  majr  be  explained  by 
the  greater  or  less  prevalence  of  mountainous  masses,  on  that  part 
of  the  moon's  surface  which  forms  the  edge  of  its  disk  at  different 
times. 

The  beads,  in  general,  disappear  suddenly,  at  the  moment  of  the 
commencement  of  total  obscuration,  and  reappear  on  the  other  side 
of  the  lunar  disk,  with  a  somewhat  startling,  instantaneous  effect, 
at  the  moment  the  total  obscuration  ceases. 

515.  name-like  protaberanoes. — ^Immediately  after  the  com- 
mencement of  the  total  obscuration,  red  protuberances,  resembling 
flames,  appear  to  issue  fi-om  the  edge  of  the  moon's  disk.  These 
appearances,  which  were  first  noticed  by  Yassenius,  on  the  occasion 
of  the  total  solar  eclipse  which  was  visible  at  Gottenberg  on  the  3rd 
of  May,  1733,  have  been  re-observed  on  the  occurrence  of  every  total 
solar  eclipse  which  has  taken  place  since  that  time,  and  cx>nstitute 
one  of  the  most  curious  and  interesting  effects  attending  this  class 
of  phenomena. 

516.  Solar  eclipse  of  18S1. — A  total  eclipse  of  the  sun  took 
place  on  the  28th  of  July,  1 85 1 ,  which  became  a  subject  of  system- 
atic observation  by  the  most  eminent  astronomers  of  the  piesent 
day.  A  considerable  number  of  English  observers,  aided  by  several 
foreigners,  distributed  themselves  in  parties  at  different  points  along 
the  path  of  the  shadow,  so  that  the  chances  of  the  impediments 
that  might  arise  from  unfavourable  conditions  of  the  atmosphere 
might  be  diminished.  The  reports  and  drawings  of  these  various 
observers  have  been  presented  to  the  Royal  Astronomical  Society, 
and  published  in  their  Transactions.  A  detailed  description  of  the 
phenomena  observed  on  this  occasion,  together  with  a  few  of  those 
witnessed  during  the  recent  solar  eclipse  of  the  1 8th  of  July, 
1 860,  will  give  to  the  reader  a  sufficient  illustration  of  the  nu- 
merous peculiarities  which  are  only  visible  when  the  sun  is  totally 
eclipsed.  It  is  not  necessary,  therefore^  to  enter  into  any  detaH 
respecting  observations  of  preceding  eclipses. 

The  Astronomer  Royal,  with  two  assistants,  Messrs.  Dunkin  and 
Humphreys,  authorised  by  the  Board  of  Admiralty,  selected  certain 
parts  of  Norway  and  Sweden  as  the  most  eligible  stations.  Pro- 
fessor Airy  observed  at  Gottenberg,  Sweden,  Mr.  Dunkin  at 
Christiania,  Norway,  and  Mr.  Humphreys  at  Christianstadt,  in  the 
south  of  Sweden. 

517.  Observations  of  tbe  Astronomer  Royal. — The  weather 
on  the  whole  proved  favourable  at  Gottenberg.  We  take  from  the 
report  of  the  Astronomer  Royal  the  following  highly  interesting 
particulars  of  the  progress  of  the  phenomenon. 

''The  approach  of  the  totality  was  accompanied  with  that  indescribably 
mysterious  and  gloomy  appearance  of  the  whole  surroimding  prospect  which 
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I  have  seen  on  a  former  occasion.  A  patch  of  clear  blue  sky  in  the  zenith 
became  parple-black  while  I  was  gazing  at  it.  T  took  off  the  higher  power, 
with  which  I  had  scrutinised  the  sun,  and  put  on  the  lowest  power 
(magnifying  about  34  times).  With  this  I  saw  the  mountains  of  the  moon 
perfectly  well.  I  watched  carefully  the  approach  of  the  moon's  limb  to  the 
8un*s  limb,  which  my  graduated  dark  glass  enabled  me  to  see  in  great 
perfection ;  I  saw  both  limbs  perfectly  well  defined  to  the  last,  and  saw  the 
line  becoming  narrower  and  the  cusps  becoming  sharper  without  any  dis- 
tortion or  prolongation  of  the  limbs.  I  saw  the  moon's  serrated  limb  advance 
up  to  the  sun's,  and  the  light  of  the  sun  glimmering  through  the  hollows 
between  the  mountain  peaks,  and  saw  these  glimmering  spots  extinguished 
one  after  another  in  extremely  rapid  succession,  but  without  any  of  the 
appearances  which  Mr.  Baily  has  described.  I  saw  the  sun  covered,  and 
immediately  slipping  off  the  dark  glass,  instantly  saw  the  appearances  re- 
presented KiabcdLfJig.  i.  PI.  XXII. 

"Before  alluding  more  minutely  to  these,  I  must  advert  to  the  darkness. 
I  have  no  means  of  ascertaining  whether  the  darkness  really  was  greater  in  the 
eclipse  of  1842;  I  am  inclined  to  think  that  in  the  wonderful,  and  I  may  say 
appalling,  obscurity,  I  saw  the  grey  gmnite  hills  within  sight  of  Hvalasmore 
distinctly  than  the  darker  country  surrounding  the  Superga,  near  Turin.  But 
whether  because  in  1851  the  sky  was  much  less  clouded  than  in  1842  (so  that 
the  transition  was  from  a  more  luminous  state  of  sky  to  a  darkness  nearly 
equal  in  both  cases),  or  from  whatever  cause,  the  suddenness  of  the  darkness 
in  1851  appeared  to  me  much  more  striking  than  in  1842.  My  friends  who 
were  on  the  upper  rock,  to  which  the  path  was  very  good,  had  great  difficulty 
in  descending.  A  candle  had  been  lighted  in  a  lantern  about  a  quarter  of  an 
hour  before  the  totality ;  Mr.  Hasselgren  was  unable  to  read  the  minutes  of  the 
chronometer-face  without  having  the  lantern  held  close  to  the  chronometer. 

"The  corona  was  fur  broader  than  that  which  I  saw  in  1842;  roughly 
speaking,  its  breadth  was  little  less  than  the  moon's  diameter ;  but  its  out- 
line was  very  irregular.  I  did  not  remark  any  beams  projecting  from  it 
which  deserved  notice  as  much  more  conspicuous  than  the  others ;  but  the 
whole  was  beamy,  radiated  in  structure,  and  terminated  (though  very  in- 
definitely) in  a  way  which  reminded  me  of  the  ornament  frequently  placed 
round  a  mariner's  compass.  Its  colour  waa  white,  or  resembling  that  of 
Venus.  I  saw  no  flickering  or  unsteadiness  of  light.  It  was  not  separated 
.from  the  moon  by  any  dark  ring,  nor  had  it  any  annular  structure ;  it  looked 
like  a  radiating  luminous  cloud  behind  the  moon. 

*'  The  form  of  the  prominences  was  most  remarkable.  That  which  I  have 
marked  (a)  reminded  me  of  a  bomerang.  Its  colour  for  at  least  two-thirds 
of  its  breadth,  from  the  convexity  towards  the  concavity,  was  full  lake-red, 
the  remainder  was  nearly  white.  The  most  brilliant  part  of  it  was  the  swell 
farthest  from  the  moon's  limb ;  this  was  distinctly  seen  by  my  friends  and 
myself  with  the  naked  eye.  I  did  not  measure  its  height;  but  judging 
generally  by  its  proportion  to  the  moon's  diameter,  it  must  have  been  3'. 
This  estimation  perhaps  belongs  to  a  later  period  of  the  eclipse.  The  pro- 
minence (6)  was  a  pale  white  semicircle  based  on  the  moon's  limb.  That 
marked  (c)  was  a  red  detached  cloud,  or  balloon,  of  nearly  circular  form, 
separated  from  the  moon's  limb  by  a  space  (differing  in  no  way  from  the 
rest  of  the  corona)  of  neariy  its  own  breadth.  That  marked  (d)  was  a 
small  triangular  or  conical  red  mountain,  perhaps  a  little  white  in  the 
interior.  These  were  the  appearances  seen  instantly  after  the  formation 
of  the  totality. 
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**  I  employed  myself  in  an  attempt  to  delineate  roughly  the  appearances  on 
the  western  limb,  and  I  took  a  hasty  view  of  the  country ;  and  I  then  ex- 
amined the  moon  a  second  time.  I  believe  (but  I  did  not  carefully  remark) 
that  the  prominences  a  be  had  increased  in  height ;  but  (</)  had  now  dis- 
appeared,  and  a  new  one  (e)  had  risen  up.  It  was  impossible  to  see  this 
change  without  feeling  the  conviction  that  the  prominences  belonged  to  the 
sun  and  not  to  the  moon. 

**  I  again  looked  round,  when  I  saw  a  scene  of  unexpected  beauty.  The 
southern  part  of  the  sky,  as  I  have  said,  was  covered  with  uniform  white 
cloud;  but  in  the  northern  part  were  detached  clouds  upon  a  ground  of 
clear  sky.  This  clear  sky  was  now  strongly  illuminated,  to  the  height  of  30P 
or  35^,  and  through  almost  90°  of  azimuth,  with  rosy  red  light  shining  through 
the  intervals  between  the  clouds.  I  went  to  the  telescope,  with  the  hope 
that  I  might  be  able  to  make  the  polarixation-observations,  (which,  as  my 
apparatus  was  ready  to  my  grajip,  might  have  been  done  in  three  or  four 
seconds),  when  I  saw  that  the  sternit  or  rugged  line  of  pntjections,  shown  at 
(/),.  had  arisen.  This  sierra  was  more  brilliant  than  the  other  prominences, 
and  its  colour  was  nearly  scarlet.  The  other  prominences  had  perhaps 
increased  in  height,  but  no  additional  new  ones  had  arisen.  The  appearance 
of  this  sierra^  nearly  in  the  place  where  I  expected  the  appearance  of  the 
sun,  warned  me  that  I  ought  not  now  to  attempt  any  other  physical  observa- 
tion. In  a  short  time  the  white  sun  burst  forth,  and  the  corona  and  every 
prominence  vanished. 

•*  I  withdrew  from  the  telescope  and  looked  round.  The  country  seemed, 
though  rapidly,  yet  half  unM'illingly,  to  be  recovering  its  usual  cheerfulness. 
My  eye,  however,  was  caught  by  a  duskiness  in  the  south-east,  and  I  im- 
mediately perceived  that  it  whs  the  eclipM-sbadow  in  the  air  travelling  away 
in  the  direction  of  the  shadow's  |)ath.  For  at  least  six  seconds  this  shadow 
remained  in  sight,  far  more  conspicuous  to  the  eye  than  I  had  anticipated.'* 

518.  Observations  of  Mr.  Snnkln  at  Clirlstiaiila«  Vorwajv 
and  of  Mr.  Bnmpbrejs  at  Cliristlanstadt,  Sweden.  — Owing 
to  the  unfavourable  state  of  the  atmosphere,  the  observations  of 
the  other  members  of  the  Admiralty  party  were  not  so  satisfac- 
tory as  those  of  its  chief.  Nevertheless,  both  observers  saw  the  red 
prominences,  though  imperfectly,  as  compared  with  the  results  of 
the  observations  of  the  Astronomer  Royal.  Baily's  beads  were  seen 
by  Mr.  Dunkin,  as  well  before  as  after  the  total  obscuration.  That 
observer  states  that — 

**  About  15  seconds  before  the  beginning  of  total  darkness,  the  narrow  line 
of  the  sun  broke  up  into  numerous  small  particles  or  beads  of  light  They 
were  of  different  sizes,  some  being  merely  points  while  others  appeared 
elongated ;  their  appearance  was  of  intense  brilliancy,  and  the  only  thing 
with  which  I  can  compare  it,  is  a  necklace  of  diamonds.  The  effect  on  the 
mind  at  their  formation  was  quite  overpowering.  I  was  unprepared  for  so 
magnificent  a  sight. 

"At  the  re-appearance  of  the  sun,  the  same  general  appearance  of  the 
phenomenon  of  Bail3'*s  beads  was  exhibited,  but  the  effect  on  the  imagina- 
tion was  not  so  striking,  though  the  brilliancy  of  the  beads  seemed  equal  to 
those  noticed  at  the  commencement  of  the  totality. 
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*'  Three  red  protuberances  vere  seen ;  the  first  was  at  an  angle  of  45^  from 
the  vertex,  on  the  western  limb  of  the  moon,  the  second  at  80^,  and  the 
third  at  11C3P.  The  last-mentioned  was  most  curiously  formed,  having 
something  of  a  homed  shape,  curved  in  the  direction  of  the  lower  limb  of  the 
moon.  Its  height  was  about  x'  30",  and  its  breadth  at  the  base,  30".  This 
prominence  was  most  remarkable  from  its  curved  or  hooked  appearance,  and 
during  the  interval  in  which  I  witnessed  it,  no  change  took  place  in  its 
form.  Its  colour  was  pink,  or  rose,  but  the  shade  was  not  very  deep.  The 
other  two  prominences  were  similar  to  each  other  in  size,  their  height  being 
about  40",  and  their  breadth  at  the  base,  30",  each  tapering  to  a  point  at  the 
apex ;  these  prominences,  like  the  preceding,  remained  at  the  same  altitude 
during  the  last  minute  of  total  darkness.  On  the  appearance  of  the  first 
direct  ray  of  light  from  the  solar  disk,  the  protuberances  became  invisible, 
no  trace  of  them  being  perceived  lU'ter  the  formation  of  the  beads  on  the  re- 
appearance  of  the  sun.'* 

With  regard  to  the  general  darkness  at  the  time  of  totality,  ^Ir. 
Diinkin  remarks  — 

**  The  darkness  was  not  exactly  similar  to  that  of  night,  the  outlines  of 
mountains  at  a  distance  of  at  least  fifteen  miles  being  faintly  visible ;  but 
yet  I  found  it  difficult  to  read  the  title-page  of  a  book  ten  or  twelve  inches 
from  the  eye.  Immediately  below  me  was  the  Fiord,  dotted  with  its  numerous 
islands.  Over  this  mixture  of  land  and  water  the  effect  of  the  darkness  was 
very  peculiar,  the  water  having  the  colour  of  deep  purple,  and  the  islands  a 
dusky  yellow.  From  my  position,  every  part  of  the  visible  sky  was  covered 
with  cloud,  but  the  density  in  different  parts  was  unequal ;  this  had  the 
effect  of  making  some  portions  of  the  heavens  terribly  black,  while  others 
w^ere  comparatively  bright.  The  effect  of  this  great  contrast  was  not  easily 
forgotten." 

At  Christianstadt,  the  planets  Venus,  Mercury,  and  Jupiter, 
and  the  stars  Arcturus,  and  Vega,  were  visible  during  the  totality 
of  the  eclipse. 

5 1 9.  Obserratloiia  of  Mr.  Oray,  at  Tnne«  near  SarpsborCt 
irorway.  —  This  gentleman  also  saw  Baily's  beads,  both  before 
and  after  the  total  obscuration.  He  saw  four  of  the  ved  projections, 
three  of  which  are  represented  in  Jiff.  2.  Plate  XXIL,  the  fourth 
resembling  c  and  d  in  form,  and  diametrically  opposite  to  a  in 
position  on  the  moon's  limb.  The  apparent  height  of  a  was 
estimated  at  l^',  and  its  breadth  62'',  but  the  altitude  of  this 
afterwards  increased  to  i }'.  There  was  a  dark  shade  in  the  curved 
portion,  which  gave  it  a  resemblance  to  a  gas  flame.  The  remainder, 
however,  was  rose-red,  not  uniform,  and  very  pale,  like  the  innermost 
parts  of  the  petals  of  a  rose.  The  red  prominence  opposite  to  a  had 
an  apparent  altitude  of  i ',  and  a  deeper  red  colour.  The  prominences 
c  and  d  were  estimated  at  about  50''  in  size. 

During  the  totality,  the  light  seemed  like  that  of  an  evening  in 
Augiist  in  latitude  59'',  at  an  hour  and  a  half  after  simset 

52a  OlMerrattons  of  BKessrs.  Stept&ensoo  and  Andrews  at 
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Fredriolisvaani,  Vorway.  — Baily's  beads  were  seen  both  before 
Knd  after  the  total  obscuration.  The  crescent,  before  disappearing, 
was  seen  as  a  fine  thread  of  light,  which  broke  up  into  fragments, 
and  when  it  re-appeared,  it  gave  the  idea  of  globules  of  mercury 
rushing  amongst  each  other  along  the  edge  of  the  moon.  In  a 
second  or  two  after  the  disappearance  of  the  crescent,  a  rose-coloui-ed 
flame  shot  out  from  the  limb  of  the  moon^  which  in  form  resembled 
n  sickle,  see^/.  3.  It  increased  rapidly,  and  then  two  other  rose- 
coloured  prominences,  above  and  below  it,  started  out,  differing  in 
shape,  but  evidently  of  the  same  character.  Besides  these,  there 
were,  as  well  between  them  as  elsewhere,  around  the  moon's  edge, 
other  luiid  points  and  other  indistinct  lines.  The  height  of  the 
principal  prominence  was  estimated  at  about  the  twentieth  of 
the  moon's  diameter,  that  is,  about  i  J'.  The  chief  prominences 
looked  like  burning  volcanoes,  and  the  lurid  points  and  lines 
reminded  the  observers  of  dull  streams  of  cooling  lava. 

521.  ObMrratlons  of  BKr.  XasseU  at  TrollHiittaii  FaUs, 
Sweden. — Having  heard  the  red  prominences  seen  in  former 
total  eclipses  described  as  faint  appearances,  the  astonishment  of 
the  obser\'er  may  be  imagined  when  he  saw  around  the  dark  disk 
of  the  moon,  after  the  commencement  of  total  obscuration,  promi- 
nences of  the  most  brilliant  lake  colour,  —  a  splendid  pink,  quite 
defined  and  hard,^^.  4.  They  appeared  not  to  be  absolutely 
quiescent.  The  observer  judged  from  their  appearance  that  they 
belonged  to  the  sun,  and  not  to  the  moon. 

522.  Obserratlons  of  XlSr.  Bind  and  Mr.  Sawes  at 
Raevelsberffv  near  Sn^elliolni,  Sweden.  —  Baily's  beads  were 
seen,  both  before  and  after  the  total  obscuration,  in  such  a  manner 
as  to  leave  no  doubt  of  their  cause  being  that  already  explained. 
In  five  seconds  after  the  commencement  of  the  total  obscuration, 
the  corona  or  glory  around  the  moon's  disk  was  seen.  Its  colour 
seemed  to  be  that  of  tarnished  silver,  brightest  next  the  moon's 
limb,  and  grjtdually  fading  to  a  distance  equal  to  one-third  of  her 
diameter,  where  it  became  confounded  with  the  general  tint  of  the 
heavens.  Appearances  of  radiation  are  mentioned,  similar  to  those 
described  by  Professor  Airy :  — 

"  On  first  viewing  the  sun,"  says  Mr.  Hind, "  without  tlie  dark  glass  after 
the  commencement  of  totality,  three  rose-coloured  prominencen  immediately 
caught  my  eye,  and  others  were  seen  a  few  seconds  lat^r,  (Jig.  5).  The 
largest  and  most  remarkable  of  them  was  situate  about  5^  north  of  the 
parallel  of  declination,  on  the  western  limb  of  the  moon ;  it  m'as  straight 
through  two -thirds  of  its  length,  but  curved  like  a  sabre  near  the  extremity, 
the  concave  edge  being  towards  the  horizon.  The  edges  were  of  a  full  rose 
pink,  the  central  |>art8  ]>aler,  though  still  pink. 

"  Twenty  seconds,  or  thereabouts,  after  the  disappearance  of  the  sun,  I 
estimated  its  length  at  45''  of  arc,  and  on  attentively  watching  it  towards  the 
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end  of  toUlitj*,  I  mw  it  materiallj  lengthened,  (probably  to  «  |,  the  moo^ 
hiiving  apparently  left  more  and  more  of  it  visible  as  she  travelled  acrow  the 
sun.  It  was  alwa^'s  curved,  and  1  did  not  remark  any  change  of  form  nor 
the  slightest  motion  during  the  time  the  5un  was  hidden.  I  saw  this  extra- 
ordinary prominence  fmw  tecondi  after  the  end  of  totality,  but  at  this  lime  it 
appeared  detached  from  the  sun's  limb,  the  strong  white  light  of  the  curona 
intervening  between  the  limb  and  the  base  of  the  prominence. 

**  About  10°  south  of  the  above  object  I  saw,  during  the  totality,  a  detached 
triangular  spot  of  the  same  rose  colour,  suspended,  as  it  were,  in  the  light  of 
the  corona,  which  gradually  receded  from  the  moon's  dark  limb,  as  she 
move<l  onwards,  and  was,  therefore,  clearly  cnnnectetl  with  the  sun.  Its 
form'  and  position,  with  respect  to  the  large  prominence,  continue<l  exactly 
the  same  so  long  as  I  observed  it.  On  the  south  limb  of  the  moon  appeared 
a  long  range  of  rose-coloured  flames,  which  seemed  to  be  affected  M-ith  a 
tremulous  motion,  though  not  to  any  great  extent 

**  1  he  brigiit  rose-red  of  the  tops  of  these  projections  gradually  faded  towards 
their  base<,  and  along  the  moon's  limb  appeared  a  bright  narrow  line  of  a 
derp  violet  tint ;  not  far  from  the  western  «»xtremity  of  this  long  range  of 
red  flames  was  an  iholated  prominence,  about  40"  in  altitude,  and  another  of 
similar  size  and  form,  at  an  angle  of  145°  from  the  north  towards  the  east. 
The  moon  was  decidedly  reddish -purple  at  the  beginning  of  totality,  but 
the  reddish  t  nge  disappeared  before  its  termination,  and  the  disk  assumed  a 
dull  purple  colour.  A  bright  glow,  like  that  of  twilight,  indicated  the  position 
where  the  sun  was  about  to  emerge,  and  three  or  four  seconds  later  the  beads 
again  formed,  this  time  instantaneously,  but  less  numerous,  and  even  more 
irregular,  than  before.  In  Ave  seconds  more  the  sun  reappeared  as  a  very 
fine  crescent  on  the  sudden  extinction  of  the  beads." 

Mr.  Dawes  observed  the  beads,  and  found  all  the  circumstances 
attending  their  appearance  such  as  to  leave  no  doubt  as  to  the 
truth  of  the  cause  generally  assigned  to  them.  He  observed  the 
corona,  a  few  seconds  after  the  commencement  of  the  totality,  and 
estimated  its  extreme  breadth  at  half  the  moon's  diameter,  the 
brightness  being  greatest  near  the  moon's  limb,  and  gi*adually 
decreasing  outwards.  The  phenomena  of  the  red  protuberances, 
witnessed  by  Mr.  Dawes,  are  so  clearly  and  satisfactorily  described 
by  him,  that  we  think  it  best  here  to  give  the  account  of  them  in 
his  own  words :  — 

"  Throughout  the  whole  of  the  quadrant,  from  north  to  east,  there  was  no 
visible  protuberance,  the  corona  being  uniform  and  uninterrupted.  Between 
the  east  and  south  points,  and  at  an  angle  of  about  ii5<)  from  the  north 
point,  appeared  a  large  red  prominence  of  a  very  regular  conical  form,  fy. 
6.  When  timt  seen  it  might  be  about  i^'  in  altitude  from  the  edge  of  the 
moon,  but  its  length  diminished  as  the  moon  advanced. 

**The  position  of  this  protuberance  may  be  inaccurate  to  a  few  degrees, 
being  more  hastily  noticed  than  the  others.  It  was  of  a  deep  rose  colour, 
and  rather  paler  near  the  middle  than  at  the  eilges. 

"  Proceeding  southward,  at  about  145°  from  the  north  point  commenced  a 
low  ridge  of  red  prominences,  resembling  in  outline  the  tops  of  a  verv 
irregular  range  of  hills.     The  highest  of  these  probably  did  not  exceed  40^. 
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This  ridge  extended  through  50°  or  55®,  and  reached,  therefore,  to  aboat 
197^  from  the  north  point,  its  base  being  throughout  formed  by  the  sharply- 
detined  edge  of  the  moon,  llie  irregularities  at  the  top  of  the  ridge  seemed 
to  be  permanent,  but  they  certainly  appeared  to  undulate  from  the  west 
towards  the  east ;  probably  an  atmospheric  phenomenon,  as  the  wind  was 
in  the  west. 

**  At  about  220^  commenced  another  low  ridge  of  the  same  character,  and 
extending  to  about  250P,  le!«s  elevated  than  the  other,  and  also  less  irregulair 
in  outline,  except  that  at  about  225^  a  very  remarkable  protuberance  rose 
from  it  to  an  altitude  of  i^',  or  more.  The  tint  of  the  low  ridge  was  a 
rather  pale  pink ;  the  colour  of  the  more  elevated  prominence  was  decidedly 
deeper,  and  its  brightness  much  more  vivid.  In  form  it  resembled  a  dig's 
titsk,  the  convex  side  being  northwards,  and  the  concave  to  the  south.  Tlie 
apex  was  somewhat  acute.  This  protuberance  and  the  low  ridge  con- 
nected with  it,  were  observed  and  estimated  in  height  towards  the  end  of  the 
totality. 

•*A  small  double-pointed  prominence  was  noticed  at  about  255^,  and 
another  low  one  with  a  broad  base,  at  about  263^.  These  were  also  of  the 
rose-coloured  tint,  but  rather  paler  than  the  large  one  at  225*^. 

**  Almost  directly  ]>receding,  or  at  270P,  appeared  a  bluntly  triangular  pink 
body,  stuLended^  as  it  were,  in  the  corona.  This  was  separated  from  the 
moon's  edge  when  first  seen,  and  the  separation  increased  as  the  moon 
advanced.  It  had  the  appearance  of  a  large  conical  protuberance,  whose 
base  was  hidden  by  some  intervening  soft  and  ill- defined  substance,  like  the 
upper  part  of  a  conical  mountain,  the  lower  portion  of  which  was  obscured 
by  clouds  or  thick  mist  I  think  the  apex  of  this  object  must  have  been 
at  least  i'  in  altitude  from  the  moon's  limb  when  first  seen,  and  more  than 
i^'  towards  the  end  of  total  obscuration.  Its  colour  was  pink,  and  I  thought 
it  paler  in  the  middle. 

"  To  the  north  of  this,  at  about  280°  or  285°,  appeared  the  most  wonderful 
phenomenon  of  the  whole.  A  red  protuberance,  of  vivid  brightness  and  very 
deep  tint,  arose  to  a  height  of,  perhaps,  i^'  when  first  seen,  and  increased 
in  length  to  2',  or  more,  as  the  moon*s  progress  revealetl  it  more  com- 
pletely. In  shape  it  somewhat  resembled  a  Turkish  cimetery  the  northern 
edge  being  convex,  and  the  southern  concave.  Towards  the  apex  it  bent 
suddenly  to  the  south,  or  upwards,  as  seen  in  the  telescope.  Its  northern 
edge  was  well  defined,  and  of  a  deeper  colour  than  the  rest,  especially 
towards  its  base.  I  should  call  it  a  rich  carmine,  llie  southern  edge  was 
less  distinctly  defined,  and  decidedly  paler.  It  gave  me  the  impression  of  a 
somewhat  conical  protuberance,  partly  hidden  on  its  southern  side  by  some 
intervening  substance  of  a  soft  or  flocculent  character.  The  apex  of  this 
protuberance  was  paler  than  the  base,  and  of  a  purplish  tinge,  and  it  cer- 
tainly had  a  flickering  motion.  Its  ba<«e  was,  from  first  to  last,  sharply  bounded 
by  the  edge  of  the  moon.  To  my  great  astonishment,  this  marvellous  object 
continued  visihle  for  about  ^ve  seconds^  as  nearly  as  I  could  judge,  after  the 
sun  btgun  to  reappear,  which  took  place  many  degrees  to  the  south  of  the 
hitiiation  it  occupied  on  the  moon*s  circumference.  It  then  rapidly  faded 
away,  but  it  did  not  vanish  instantaneously.  From  its  extr«ordinary  size, 
curious  form,  deep  colour,  and  vivid  brightness,  this  protuberance  absorbed 
much  of  my  attention ;  and  1  am,  therefore,  unable  to  state  precisely  what 
changes  occurred  in  the  other  phenomena  towards  the  end  of  the  total  obscii- 
ration. 
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**  The  arc,  from  aboat  283^  to  the  north  point,  was  entirdj  free  from  pio- 
mineaces,  and  alaofrum  any  roseatA  tiiii.** 

523.  mmeeu  of  total  oboevratlon  on  snrroondiiic  objoeta 
and  sconoiT. — Although  the  diflferent  parties  of  observers  scattered 
over  the  path  of  the  moon's  shadow  were  not  equally  fortunate  in 
haTing  a  clear  unclouded  sky,  they  were  all  enabled  to  observe  and 
record  the  effects  of  the  total  obscuration  upon  the  surrounding 
objects  and  countiy.  Dr.  Robertson  of  Edinburgh,  Dr.  Robinson 
of  Armagh,  and  some  others,  witnessed  the  eclipse  from  an  island 
off  the  coast  of  Norway,  in  lat.  6 1°  2 1',  at  a  point  in  the  path  of  the 
axis  of  the  shadow.  The  precursory  phenomena  corresponded  with 
those  described  by  other  observers.  The  atmosphere  was,  however, 
obscured  by  clouds,  which  appeared  to  rush  down  in  streams  from 
the  place  of  the  sun.  The  sea-fowl  flocked  to  their  customary 
places  of  rest  and  shelter  in  the  rocks.  The  darkness  at  the  moment 
ot  total  obscuration  was  sudden,  but  not  absolute ;  for  the  clouds 
had  left  an  open  strip  of  the  sky,  which  assumed  a  dark  lurid  orange, 
which  chanared  to  greenish  colour  in  another  direction,  and  shed 
upon  persons  and  objects  a  faint  and  imearthly  light.  Lamps  and 
candles,  seen  at  fifty  or  sixty  yards'  distance,  were  as  visible  as  in  a 
dark  night,  and  the  redness  of  their  light  presented  a  strange  contrast 
with  the  general  green  hue  of  everything  around  them.  "  The 
appearance  of  the  country/'  says  Dr.  Robertson,  **  seen  through  the 
lurid  opening  under  the  clouds,  was  most  appalling.  The  distant 
peaks  of  the  Jostedals  and  Dovre  Field  mountains  were  seen  still 
illuminated  by  the  sun,  while  we  were  in  utter  darkness.  Never 
before  had  we  observed  all  the  lights  of  heaven  and  earth  so  entirely 
confined  to  one  narrow  stripe  along  the  horizon,  —  never  that 
peculiar  greenish  hue,  and  never  that  appearance  of  outer  darkness 
in  the  place  of  observation,  and  of  excessive  distance  in  the  verge  of 
the  horizon,  caused  in  this  case  by  the  hills  there  being  more 
highly  illuminated  as  they  receded  by  a  less  and  less  eclipsed  sun." 

Mr.  Hind  says,  that  during  the  obscuration  the  entire  landscape 
was  overspread  with  an  unnatural  gloom;  persons  around  him 
assumed  an  unearthly,  cadaverous  aspect ;  the  distant  sea  appeared 
of  a  lurid  red ;  the  southern  heavens  had  a  sombre  purple  hue,  the 
place  of  the  sun  being  indicated  only  by  the  corona  ;  the  northern 
heavens  had  an  intense  violet  hue,  and  appeared  very  near.  On 
the  east  and  west  of  the  northern  meridian,  bands  of  light  of  a 
yellowish  crimson  colour  were  seen,  which  gradually  faded  away 
into  the  unnatural  purple  of  the  sky  at  greater  altitudes,  producing 
an  effect  that  can  never  be  eftiwed  from  the  memory,  Uiough  no 
description  could  give  a  just  idea  of  its  awful  grandeur. 

At  several  places  in  Prussia,  where  the  heavens  were  unclouded 
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duriug  the  totfil  obscuration,  a  great  number  of  the  more  conspi- 
euous  stars,  as  well  as  the  planets  Jupiter,  Venus,  and  Mercury, 
were  visible.  Several  flowering  plants  were  observed 'to  close 
their  blossoms,  birds  which  had  been  previously  flying  about 
disappeared,  and  domestic  fowls  went  to  roost. 

524.  Solmr  eolipB«  of  1860*  July  18.  —  Obsorrattoos  of 
M[.  &e  Verrier  at  TaraBona«'of  MC.  Ooldaclimldt  at  Vtttoria« 
and  of  M[.  Beoobl  at  Beslerto  de  las  Valmas*  Spain.  —  The 
eclipse  of  the  sun  on  the  1 8th  of  July,  i860,  was  favourably 
observed  in  various  parts  of  Spain,  by  astronomers  of  all  countries. 
Perhaps  on  no  occasion  of  a  similar  nature  was  a  greater  interest 
manifested  in  organising  parties  of  observers,  for  the  purpose  of 
noting  correctly  the  various  phenomena  visible  only  during  the 
totality  of  a  solar  eclipse.  The  Admindty  granted  the  use  of  the 
splendid  steamship  Himalaya  for  the  conveyance  of  the  British 
astronomers,  and  the  local  authorities  in  Spain  gave  every  assistance 
to  the  expedition. 

The  results  of  the  observations  were  satisfactory,  and  the  im- 
portant fact  was  established  at  this  eclipse  that  the  various  phe- 
nomena which  are  only  to  be  seen  on  these  rare  occasions  are 
appendages  of  the  sun.  Several  photographs  of  the  appearances 
of  the  sun  and  moon  at  different  times  during  the  totality,  as  well 
as  during  other  phases  of  the  eclipse,  were  obtained  by  Mr.  De  la 
Rue  and  others,  on  which  the  motion  of  the  moon  over  the 
prominences  is  distinctly  marked. 

Although  the  observations  of  the  more  recent  solar  eclipses 
have  given  us  new  ideas  of  the  physical  constitution  of  these 
appendages  of  the  sun,  and  of  the  solar  photosphere  generally, 
vet  the  graphic  accounts  of  some  of  the  observers  of  the  eclipse 
of  i860  are  so  interesting,  that  we  cannot  forbear  giving  the 
following  accounts  of  the  phenomena  visible  on  these  occasions. 
The  suggestion  of  M.  Le  Verrier,  that  the  whole  surface  of  the 
sun  is  covered  by  a  bed  of  r«e-coloured  matter,  foreshadowed  the 
chromosphere,  of  the  existence  of  which  there  is  now  no  doubt. 
The  following  extract  is  from  M.  Le  Verrier 's  account : — 

^  I  now  arrive  at  the  description  of  the  laminous  appendages  which  appeared 
on  the  circumference  of  the  lanar  and  solar  diska,  and  in  following  the  order 
in  which  I  explored  them,  that  is,  commencing  at  the  apparent  senith  of  the 
sun,  passing  down  towards  the  lower  part  of  the  disk  on  its  western  limb, 
then  ascending  by  the  eastern  limb  as  far  as  the  vertex,  and  again  descend- 
ing towards  the  west  to  the  point  where  the  first  ray  of  the  sun  reappeared. 
(I  speak  here  of  the  phenomenon  as  seen  by  the  naked  eye,  and  not  by  an 
inverting  telescope.)  The  first  object  which  1  saw  in  the  field  of  the  tele- 
srope,  after  the  commencement  of  the  totality,  was  an  isolated  cloud  entirely 
seiiarated  from  the  moon's  limb  by  a  space  equal  to  its  own  sise,  extending 
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-I  .ut.t    the  lorni   which  Ihf^e  proiniin'iKes  presented.     As  it  c 
chape  with  that  of  the  other  phenomena  whicli  I  had  pievic 
verified  the  jagged  appearance  of  tlieae  prominences  with  grea 
moving  my  telescope,  the  high  power  of  which  wonld  only  al 
portion  of  the  sun's  disk  to  be  seen  at  once,  I  recognised  a  liti 
third  prominence  in  the  shape  of  a  tooth,  separated  from  the  otl 
cf  the  same  form  and  colour,  and  differing  only  by  dimensions 
aiderable.    The  remaining  part  of  the  disk  offered  nothing  remar 
returning  to  the  upper  region,  I  found  the  two  clouds  which  I  hi 
described,  without  alteration. 

**  Twenty  seconds  before  the  reappearance  of  the  sun,  I  directed 
tion  towards  the  point  at  which  it  was  expected.  That  part  ( 
which  two  minutes  previously  appeared  perfectly  white,  was  n 
with  a  narrow  thread  of  a  reddish  purple  colour;  but,  even  as  I 
passed  away,  this  coloured  thread  gradually  increased,  and  so 
around  the  black  disk  of  the  moon,  to  an  extent  of  thirty  degi 
border  of  an  increasing  and  definite  thickness,  the  outline  being  ir 
the  upper  part  At  the  same  time,  the  brightness  of  the  portion  of  t 
which  during  the  few  preceding  seconds  emerged  from  under  the  d 
moon,  increased  with  such  a  rapidity,  that  I  was  in  doubt  whether 
see  the  limb  of  the  sun.  This  was  no  other  than  the  reappearance  < 
ray  of  light,  which  in  its  turn  effaced  that  of  the  corona,  but,  li 
was  certain  of  the  nature  of  the  phenomena  which  were  passing  at 
moment  before  my  eyes,  and  which  may  be  described  in  a  few  words, 
visible  part  of  the  emerging  surface  of  the  sun,  in  every  direction  n 
an  altitude  of  seven  or  eight  seconds,  was  covered  by  a  bed  of  cloi 
colour,  which  were  seen  to  increase  in  density,  even  as  they  appe 
behind  the  disk  of  the  moon.  May  we  believe  that  the  entire  surl 
snn  18  enveloped  by  them  at  a  low  altitude,  on  it  i-  ».%.-.-'« 
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spheres,  that  which  is  nearest  to  the  body  being  non-luminous ; 
while  the  whole  is  surrounded  by  the  exterior  coatings  which  is 
self-luminous,  and  the  source  of  light  and  heat.  Professor  Grant, 
in  his  History  of  Physical  Astronomy ^  had,  however,  previously 
suggested  the  existence  of  a  solar  coating  of  rose-coloured  matter, 
and  almost  every  total  eclipse  of  the  sun  has  confirmed  this  sup- 
position ;  but  the  following  remarks  of  M.  Le  Verrier  have  been 
considered  of  very  great  importance,  although  his  hypothesis  is 
not  wholly  borne  out  by  more  recent  observations. 

**  Now  I  fear  that  the  greater  part  of  these  envelopes  are  only  matters  of 
fiction ;  that  the  sun  is  simply  a  luminous  body  on  account  of  its  high  tem- 
perature, and  covered  by  a  continuous  bed  of  rose-coloured  matter,  the 
existence  of  which  is  now  sutKciently  proved.  The  sun,  thus  formed  of  a 
central  body,  solid  or  liquid,  covered  by  an  atmosphere,  is  restored  to  the 
common  law  of  the  constitution  of  celestial  bodies. 

**  The  existence  of  a  bed  of  rose-coloured  matter,  partially  transparent, 
covering  the  whole  surface  uf  the  sun,  is  an  established  fact  by  the  observa- 
tions made  during  the  time  of  totality  in  the  present  eclipse. 

*•  Observation  proves  also  that  this  rose-coloured  matter  is  accumulated 
occasionally  on  certain  points,  in  quantities  more  considerable  than  on  others, 
and  as  the  light  of  the  corresponding  part  of  the  sun  may  be  possibly  found 
more  or  less  extinguished,  we  arrive  at  a  natural  explanation  of  the  spots  on 
the  sun's  surface.  These  spots  will  exhibit  the  most  varied  forms  and  ap- 
pearances, subject  to  rapid  changes,  in  a  similar  manner  to  what  has  been 
already  observed,  provided  they  are  produced  by  clouds.  They  will  change 
their  positions  on  the  surface  of  the  sun,  like  clouds  on  the  surface  of  the 
earth  ;  and  when  from  their  motion  the  determination  of  the  rotation  of  the 
sun  on  its  axis  is  deduced,  we  ought  to  find,  as  it  frequently  happens,  dis- 
cordant results. 

*'  The  faculse,  or  luminous  streaks  which  appear  on  the  surface  of  the  sun, 
by  changing  their  form  and  brightness,  and  by  disappearing  from  certain 
regions,  to  appear  in  others,  could  be  explained  by  the  inequalities  and 
variable  density  of  the  atmosphere,  and  above  all,  by  the  illumination  of  the 
inclined  surface.  It  may  be  remarked,  that  in  the  neighbourhood  of  the 
spots  the  faculss  are  generally  most  abundant." 

The  town  of  Tarazona,  near  which  M.  Le  Vemer  was  stationed 
during  the  eclipse,  is  situated  on  the  south  side  of  the  river  Ebro, 
at  a  distance  of  about  ten  miles  from  Tudela.  The  estimated  dura- 
tion of  totality  in  this  part  of  Spain  was  about  3"*  lo*. 

M.  Goldschmidt  selected  Vittoria  as  the  station  at  which  a 
favourable  state  of  the  sky  was  probable,  and  which  was  also  con- 
venient for  the  observation  of  the  eclipse.  The  duration  of  totality 
at  Vittoria  was  estimated  at  3"  o',  being  about  thirty  seconds  less 
than  at  the  central  line  of  shadow.  The  instrument  used  was  a 
telescope,  with  an  object-glass  of  four  inches  aperture,  magnifying 
about  40  times.  The  corona  and  rose-coloured  prominences  were 
seen  distinctly  by  M.  Goldschmidt,  drawings  of  which  were  made 
by  him.     He  remarks  that  — 
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*«Tbe  most  impofhig  ms  well  mb  complicated  of  these  promineiioea,  which  I 
will  call  the  chanddier,  was  grand  beyond  description.  It  rose  up  from  the 
limb,  appearing  like  ^lender  tongues  of  fire,  and  of  a  rose  colour ;  its  edges 
purple  and  transparent,  allowing  the  interior  of  the  prominence  to  be  seen ; 
in  fact,  I  could  see  distinctly  that  this  protuberance  was  hollow.  Shortly 
before  the  end  of  the  totality.  I  saw  escape  from  the  summits  of  these  roee- 
coloured  and  transparent  she4ives  of  light,  a  slight  display  in  the  shape  <ii  a 
fan,  which  gave  to  the  protuberance  a  real  resemblance  to  a  dutnddier.  Its 
base,  which  at  the  commencement  of  the  totality  was  noticed  very  decidedly 
on  the  black  limb  of  the  moon,  became  slightly  less  attached,  and  the  whole 
took  an  appearance  more  ethereal  or  vapourish ;  however,  I  did  not  lose  sight 
d  it  for  an  instant.  The  jets  of  light  which  came  from  the  summits  dis- 
appeared with  the  appearanc-e  of  the  first  rays  of  the  sun,  but  it  was  not  so 
with  the  protuberance  itself,  for,  an  instant  before  the  end  of  the  totality,  I 
saw  several  small  prominences  uppear  lying  clo»e  Ut  each  other  on  the  right 
of  its  base,  and  forming  a  square,  which  is  the  character  of  toothed  pro- 
minences ;  two  others  of  the  same  height  were  seen  on  the  left  side  of  its 
base,  when  the  sun  had  already  appeared,  at  2^  ^y^.  It  sliould  be  mentioned 
that  the  images  in  the  field  of  the  telestope  were  inverted. 

**  The  nortii  horn  of  the  solar  crescent  touched  the  last  of  these  pro- 
minences, four  minutes  and  forty  seconds  after  the  reappearance  of  the  sun. 
The  intense  light  caused  me  to  abandon  this  interesting  observation,  for  I 
was  not  at  the  time  using  a  coloured  glass;  however,  I  am  certain  that  the 
ehandditr  and  the  little  prominences  at  its  base  had  not  disappeared  up  to 
that  moment. 

**  Although  I  am  convinced  that  the  protuberances  belong  to  the  sun, 
nevertheless,  I  ought  to  remark  that,  at  the  last  moment,  I  was  surprised  to 
see  the  direction  of  the  chandelier  referred  to  the  centre  of  the  moon,  rather 
than  to  the  centre  of  the  sun.  The  height  of  this  prominence  was  estimated 
about  three  minutes  and  a  half  at  the  commencement  of  totality,  and  four 
minutes  at  tiic  end.  Ihe  Kccond  protuberance  appeared  on  the  apparent 
right  of  thi",  ut  a  distance  of  about  35°,  being  about  three  minutes  and  twenty 
seconds  in  height,  and  nearly  of  the  form  of  the  sign  of  the  planet  Saturn ; 
this  prominence  1  have  called  the  luwk.  A  third,  to  the  right  of  the  two  pre- 
cedinus  and  at  a  distance  equal  to  that  of  the  two  others,  assumed  a  form  of 
which  it  is  difiicult  to  give  an  idea ;  however,  I  will  call  it  the  tooth.  About 
eleven  degrees  to  the  right  of  the  second  protuberance  I  noticed  a  fourth, 
small,  and  in  the  form  of  a  square ;  between  this  and  the  third  there  was 
situated  a  rose-coloured  cloud,  the  shape  of  which  was  elongated  and  bent, 
inclined  at  an  angle  of  45^  towards  the  left  limb  of  the  moon.  This  cloud 
was  entirely  detached,  floating  on  the  corona  like  a  red  cloud  at  sunset  Its 
centre  was  elevated  above  the  limb  of  the  moon,  about  one-half  the  altitude 
of  the  other  prominences,  or  about  two  minutes.  A  fifth  protuberance  also 
appeared,  at  the  beginning,  in  the  south  -east,  and  was  of  increased  size  in 
the  middle  of  the  totality. 

•*  I  ought  to  remark,  that  all  the  protuberances  which  I  noticed  had  a  ten  - 
dency  in  their  forms  to  describe  a  curve,  the  concavity  of  wnich  was  turned 
from  the  side  of  the  west.'* 

The  eclipse  was  observed  by  M.  Secchi,  of  the  Collegio  Romano, 
at  Desierto  de  las  Palmas,  near  Oropesa,  on  the  eastern  coast  of 
Spain,  and  yery  nearly  on  the  central  line  of  totality,  the  estimated 
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duration  of  the  total  darknefis  at  this  station  being  about  3"*  26*. 
AT.  Secchi  remarks :  — 

**  Shortly  before  the  total  disappearance  of  the  san,  I  noticed  the  corona 
through  a  lightly  coloured  glaas ;  I  removed  the  glass  as  soon  as  the  eclipse 
became  total,  and  I  was  astonished  at  its  brilliancy,  which  was  sufficient, 
even  at  this  time,  to  dazzle  the  eye;  but  its  brightness  visibly  diminished, 
tiie  limb  of  the  sun  being  surrounded  by  a  purplish  corona,  terminating  in 
points  of  the  same  colour,  which  soon  disappeared:  at  this  time  two  magni- 
licent  protuberances  appeared  a  little  above  the  spot  where  the  sun's  limb 
disappeared.  One  was  conical,  with  a  point  rather  slender  and  curved,  having 
the  appearance  of  a  flame  somewhat  agitated.  '1  he  other  woa  less  elevated, 
but  of  greater  extent ;  it  occupied  an  arc  of  four  or  five  degrees  of  the  limb, 
the  summit  terminating  like  teeth  of  a  very  line  saw,  the  uppor  outline  of 
which  was  almost  parallel  to  the  limb  of  the  moon.  These  protuberances  . 
visibly  decreased;  their  height  was  estimated  at  2§  and  i^  minutes  re- 
spectively. At  the  commencement  of  totality  no  prominence  was  visible  on 
the  opposite  limb  of  the  moon,  but  about  the  middle  of  the  eclipse,  when  the 
two  first  had  already  disappeared,  so  many  luminous  points  appeared  on 
the  other  side  of  the  black  disk,  that  I  was  for  a  short  time  embarrassed  which 
to  choose  for  measurement.  These  brilliant  appearances  increased  in  size  as 
fast  as  the  moon  glided  forward,  and  I  saw  with  surprise  an  almost  con- 
tinuous arc  of  purple  light  instantaneously  formed,  composed  of  small  pro- 
tuberances, in  that  part  of  the  lunar  disk  where  the  reappearance  of  the  sun 
was  expected.  What  surprised  me  most  was  a  fine  red  cloud  entirely  de- 
tached from  the  protuberances,  projected  on  the  white  light  of  the  corona, 
an<l  followed  by  two  others  of  smaller  dimensions.  I  could  not  refrain  from 
calling  the  attention  of  MM.  Aguilar  and  Cepeda,  who  observed  at  my  side, 
to  this  remarkable  phenomenon,  the  existence  of  which  was  verified  by  these 
observers.  Meanwhile,  on  the  side  of  the  lunar  disk  where  the  sun  was  re- 
appearing, the  light  of  the  corona  gradually  increased,  and  I  saw  clearly  the 
line  on  which,  in  a  marked  gradation,  the  white  light  of  the  photosphere 
mingled  with  the  red  points  of  the  prominences;  the  arc,  which  was  tinged 
with  red,  extended  at  that  time  to  at  least  60^.  Soon  after  this  the  protu- 
berances became  invisible,  but  I  still  saw  the  corona  with  the  naked  eye 
during  40  seconds  after  the  reappearance  of  the  sun,  the  solar  light  bhining 
like  an  electric  lamp,  projecting  tremulous  shadows. 

*'  These  observations  have  convinced  me  that  the  protuberances  are  con- 
nected with  the  sun,  and  that  it  is  absurd  to  assert  the  contrary." 

525.  Ihridenoe  of  a  solar  atmospliere.  —  Many  of  the  phe- 
nomena attending  total  solar  eclipses  afford  strong  corroboratory 
evidence  of  the  existence  of  a  solar  atmosphere,  extending  to  a 
vast  height  above  the  luminous  coating  of  the  sun,  the  probability 
of  which  has  been  already  shown  (256). 

The  corona,  or  bright  ray,  or  glory,  surrounding  the  dark  disk 
of  the  moon  where  it  covers  the  sun,  is  observed  to  be  concentric 
with  the  moon  only  at  the  moment  when  the  latter  is  concentric 
with  the  sun.  In  other  positions  of  the  moon's  disk,  it  appears  to 
be  concentric  with  the  sim.  This  would  be  the  effect  produced 
by  a  solar  non-luminous  atmosphere  faintly  reflecting  the  sun's  light 
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The  corona  snpplies  no  exact  data  by  which  the  height  of  the 
solar  atmosphere  can  be  ascertained ;  bat  it  hiis  been  the  opinion 
of  Sir  John  Herschel  and  others,  that  from  the  manner  in  which 
the  diminution  of  light  is  manifested  on  the  sun's  disk,  being  bj  no 
means  sudden  on  approaching  the  borders,  but  extending  to  some 
distance  within  the  disk,  the  height  must  be  not  only  great  in  an 
absolute  sense,  but  must  even  be  a  very  considerable  fraction  of 
the  sun's  semi-diameter ;  and  this  inference  is  strongly  confirmed 
by  the  luminous  corona  surruunding  the  eclipsed  disk. 

Although  the  constitution  of  the  corona  is  not  yet  thoroughly 
underntood,  the  obser<:ations  made  during  the  eclipses  of  1 869, 
1870,  1871,  and  1874,  clearly  prove  that  it  is  a  real  appendage 
.  of  the  sun,  nnd  that  for  a  considerable  distance  it  shines  with 
unborrowed  light.  Its  spectrum,  near  the  chromosphere,  shows 
that  it  is  composed  of  similar  vapours,  but  the  presence  of  a 
line  identical  in  position  with  No.  1474  of  KirchhofTs  scale 
would  »eera  to  prove  that  the  vapour  of  some  unknown  metal  is 
one  of  its  constituents,  of  which  no  indications  are  found  in  the 
spectrum  of  the  chromosphere.  From  Mr.  Stone's  spectroscopic 
examination  of  the  outer  corona  in  the  South  African  eclipse 
of  1874,  which  was  carried  to  the  extent  of  rather  more  than 
a  degree  from  the  sun's  centre,  we  have  the  strongest  evidence 
of  the  solar  origin  and  cosmical  character  of  the  exterior  portions 
of  the  corona.  This  evidence  is  strengthened  by  an  examination 
of  drawings  of  the  corona  made  at  distances  of  more  than  500 
miles,  and  at  intervals  of  absolute  time  extending  to  ten  minutes, 
in  which  the  unchanged  character  of  the  principal  features  is  very 
strongly  marked. 

526.  Probable  causes  of  the  red  emanations  In  total  solar 
eclipses. — The  probable  cau^e  of  the  rose-coloured  prominences 
has  been  a  matter  of  interesting  inquiry  for  many  years,  especially 
since  the  solar  eclipse  of  1842.  The  eclipse  of  1 851  was  very 
satisfactorily  observed,  but  this  question  still  remained  undecided, 
although  it  was  generally  considered  that  these  emanations  must 
be  gaseous  detached  portions  of  the  solar  photosphere.  The 
eclipse  of  1 860  decided  that  they  were  of  solar  origin,  which  was 
proved  by  the  photographs  taken  by  Mr.  De  la  Rue  and  others 
in  Spain  at  diflernnt  periods  of  the  totality,  on  which  the  progress 
of  the  moon  over  the  prominences  was  so  clearly  exhibited  that 
their  connection  with  the  sun  was  at  once  conclusively  established. 

It  was  MOt,  however,  till  the  solar  eclipse  of  1868  occurred, 
that  any  certainty  of  the  gaseous  character  of  the  prominences 
was  obtained.  Between  1 860  and  1 868,  the  spectroscope  having 
revealed  so  much  relating  to  the  general  physical  constitution  of 
the  sun,  it  was  considered  that  the  class  of  observation  to  be 
followed  in  the  eclipse  of  1 868  should  be  principally  confined  to 
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the  spectroscopic  examinfttion  of  the  solar  promineoces,  with  a 
view  of  deciding  the  question  as  to  their  solid  or  gaseous  character. 
The  result  of  this  examination  proved  in  a  satisfactory  manner 
that  these  coloured  emanations  were  portions  of  the  chromosphere 
driven  upwards  hy  some  violent  action  in  the  photosphere,  and 
that  their  light  is  emitted  principally  from  the  incandescent  vapour 
of  hydrogen  gas.  They  appear  to  have  no  permanency  of  exist, 
ence,  for  they  are  continually  undergoing  changes  of  form  from 
hour  to  hour,  and  as  they  can  now  be  seen  with  the  spectroscope 
in  ordinary  sunlight,  these  variations  of  form  are  even  noticed 
while  the  prominences  are  uoder  examination. 

n.  Lunar  Eclipses. 

527.  Canae  of  Innar  eolipaea.  —  When  the  moon  is  in  op- 
position, its  apparent  distance  from  the  plane  of  the  ecliptic  or 
its  latitude,  varying  from  0°  to  upwards  of  5®,  is  at  times  less 
than  the  apparent  semi-diameter  of  the  section  of  the  earth's 
conical  shadow,  in  which  case,  falling  more  or  less  within  the 
shadow,  it  will  be  deprived  of  the  sun's  light,  and  veill  therefore 
be  eclipsed. 

The  circumstances  and  conditions  attending  such  a  pheuomeiion 
depend  evidently  on  the  dimensions  of  the  earth's  shadow,  the 
magnitude  of  its  section  at  the  moon's  distance,  and  the  position 
of  the  moon  in  relation  to  it. 

528.  Conditions  wbioli  determine  Innar  edipaea.  —  As  the 
earth  moves  in  its  orbit  round  the  sun,  this  conical  shadow  ia 
therefore  constantly  projected  in  a  direction  contrary  to  that  of  the 
Sim.  Any  body,  therefore,  which  may  happen  to  be  in  the  plane 
of  the  ecliptic,  or  sufficiently  near  to  it,  and  within  this  distance 
of  the  path  of  the  earth,  will  be  deprived  of  the  sun's  light  while 
it  is  within  the  limits  of  the  cone.  The  moon  being  the  only  body 
in  the  universe  which  passes  within  such  a  distance  of  the  earth, 
is  therefore  the  only  one  which  can  be  thus  obscured. 

The  section  of  the  shadow  may  be  regarded  as  a  dark  disk, 
whose  apparent  semi-diameter  varies  between  37'  49"  and  45'  42", 
and  the  true  place  of  whose  centre  is  a  point  on  the  ecliptic-  1 80** 
behind  the  centre  of  the  sun.  A  lunar  eclipse  is  produced  by  the 
superposition,  partial  or  total,  of  this  disk  on  that  of  the  moon, 
and  the  circumstances  and  conditions  which  determine  such  an 
eclipse  are  investigated  upon  the  principles  already  explained. 

By  the  solar  tables,  the  apparent  position  of  the  centre  of  the 
Sim,  from  hour  to  hour,  may  be  ascertained,  and  the  position  of  the 
centre  of  the  section  of  the  shadow  may  thence  be  inferred.  From 
the  limar  tables,  the  position  of  the  moon's  centre  being  in  like 
mamier  detezmined,  the  distance  between  the  centres  of  the  section 
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'J'ii--  iii;i_hiT.ii.i.-  id  !}..■  .Tli}.-*-  i-  iiifa.-ur.-<l.  Wl 
by  tliu  dilieroDce  between  the  sum  of  the  semi- 
distance  between  the  centres. 

The  occurrence  of  a  total  eclipse^  and  the  mc 
mencenient^  if  it  take  place,  are  determined  by 
tween  the  centre  of  the  shadow  and  that  of  the 
equal  to  the  difference  between  the  semi-diamet 
and  that  of  the  moon.  Thus,  a  total  eclipse  will 
moon's  latitude  L  in  opposition  be  less  than 

L=8'-«'=(A-hA')-(«-hO; 

that  is,  less  than  the  difference  between  the  sum  < 
parallaxes  and  the  sum  of  the  semi-diameters ;  8 
angle  of  the  conical  shadow,  s',  the  apparent  semi- 
section  of  the  shadow  at  the  moon's  distance,  «, 
semi-diameters,  and  h,  h%  the  horizontal  parallaxei 
moon. 

Since  the  sum  of  the  horizontal  parallaxes,  evei 
much  greater  than  the  sum  of  the  apparent  semi* 
when  greatest,  a  total  eclipse  of  the  moon  is  alwa^ 
vided  the  centre  of  the  moon  approaches  near  enou 
of  the  shadow,  and  for  the  same  reason  an  annular 
impossible. 

529.  Ziiiiiar  eolifitlo  limlta. —  That  a  lunar  e 
place,  it  is  necessary  that  the  moon.  wh<»T%  i«  — 
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this  being  variable  the  limit  itself  is  variable.  If  such  values  be 
assigned  to  the  component  quantities  as  to  render  1/  the  greatest 
possible,  we  shall  obtain  the  hititiide  within  which  an  eclipse  is 
possible.  If  such  values  be  assigned  as  will  render  1/  the  least 
possible,  we  shall  obtain  the  latitude  within  which  an  eclipse  is 
inevitable. 

530.  Greatest  duratloii  of  total  eclipse. —  The  duration  of  a 
total  eclipse  depends  on  the  distance  over  which  the  centre  of 
the  moon's  disk  moves  relatively  to  the  shadow  while  passing 
from  the  first  to  the  last  internal  contact.  This  may  vary  from 
o  to  twice  the  greatest  possible  distance  of  the  nioon*s  centre  from 
the  centre  of  the  shadow  at  the  moment  of  internal  contact,  that 
is,  to 

2L'=2  (A-hA')— 2  («+«')> 

and  this  at  its  greatest  value  b, 

2L'=2X(3o'58'0=6i'56"; 

and  since  the  moon*s  centre  moves  syuodically  through  half  a 
minute  of  space  in  each  minute  of  time,  the  interval  necessary  tu 
move  over  61'  56"  will  be  two  hours  and  four  minutes,  which 
is  therefore  the  greatest  possible  duration  of  a  total  lunar  eclipse. 

531.  Relative  nnmber  of  solar  and  lunar  eolipees. —  It  will 
be  o^-ident,  from  what  has  been  explained,  that  the  frequency  of 
solar  is  much  greater  than  that  of  lunar  eclipses,  since  two  at  least 
of  the  former  musty  and  five  mayy  take  place  within  the  year,  while 
not  one  of  the  latter  may  occur.  Nevertheless,  the  number  of 
lunar  which  are  exhibited  at  any  given  j)lace  on  the  earth  is  greater 
than  that  of  solar  eclipses,  because,  although  the  latter  occur  with 
so  much  greater  frequency,  they  are  seen  only  within  particular 
limits  on  the  earth's  surface. 

532.  Bffeots  of  tbe  eartli*e  pennmbra. —  Long  before  the 
moon  enters  within  the  sides  of  the  cone  of  the  shadow  it  enters 
the  penumbra,  and  is  partially  deprived  of  the  sun's  light,  so  as  to 
render  the  illumination  of  its  surface  sensibly  more  faint.  It 
might  be  inferred  from  this,  that  the  obscuration  of  the  moon  is  so 
extremely  gradual,  that  it  would  be  impossible  to  perceive  the 
limitation  of  the  shadow  and  penumbra.  Nevertheless,  such  is 
the  splendour  of  the  solar  light,  that  the  thinnest  crescent  of  the 
sun,  to  which  the  part  of  the  moon's  surface  near  the  edge  of  the 
earth's  shadow  is  exposed,  produces  a  degree  of  illumination  which 
contrasts  so  strongly  with  the  shadow  as  to  render  the  boundary  of 
the  latter  so  distinct,  that  the  phenomenon  presents  one  of  the 
most  stiiking  evidences  of  the  rotundity  of  the  earth,  the  form  of 
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Min'.s  r;iy.s  ul'i'-i*  llif  i]itrrpu.>iti<»n  of  the  odjre  of  tiio  cm 
seen  from  the  moon.  This  refracted  light  falling-  upor 
after  it  has  entered  within  the  limits  of  the  shadow,  pn 
it  a  peculiar  illumination,  corresponding  in  faintness  ai 
the  rays  thus  transmitted  through  the  earth *s  atmosphe 

534.  Tlie  Imuur  dlskTlsible  during  total  obse 
When  the  moon's  limb  first  enters  the  shadow,  the  C( 
glare  of  the  part  of  the  disk  still  enlightened  by  the  dii 
the  sun,  render  the  eye  insensible  to  the  more  feeble  il 
produced  upon  the  eclipsed  part  of  the  disk  by  the  refr. 
As,  howerer,  the  eclipse  proceeds,  and  the  magnitude  c 
of  the  disk  directly  enlightened  decreases,  the  eye,  parti 
from  the  excessive  glare,  begins  to  perceive  very  faintly  tl 
limb,  which  is  nevertheless  visible  from  the  beginning 
scope,  in  which  it  appears  with  a  dark  gi-ey  hue.     When 
disk  has  passed  into  the  shadow,  it  becomes  distinctl 
showing  a  gradation  of  tints  from  a  bluisli  or  greenish  ot 
side  to  a  gradually  increasing  red,  which,  further  in,  chi 
coloiur  resembling  that  of  incandescent  iron  when  at  a 
heat.    As  the  lunar  disk  approaches  the  centime  of  the 
this  red  line  is  spread  all  over  it.    Its  illumination  in  thi 
is  sometimes  so  strong  as  to  throw  a  sensible  shadow,  and 
distinctly  visible  in  the  telescope  the  lineaments  of  ] 
shadow  upon  its  surface. 

These  effects  are  altogether  similar  to  the  unnm^aoU. 
develoTw/l  \r»  *»»•-  —^ 
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ni.    Eclipses,  T&aitsits,  akd  OccuLXAnoNS  op  the  Jovian 
System. 

535.  Tbe  motloBS  of  Jnpitor  and  bis  satelllteSf  as  seen 
firom  tHe  eartli«  ezliibit  flrom  time  to  tline  all  tbe  effsets  of 
interposttion. —  Let  j  y,  fig*  91.  represent  the  planet,  jfi'  its 
conical  shadow,  iif  the  sun,  E  and  ^  the  positions  of  the  earth  when 
the  planet  is  in  quadrature,  in  which 
position  the  shadow  i  f  y\A  presented 
with  least  obliquity  to  the  visual  line, 
and  therefore  least  foreshortened,  and 
most  distinctly  seen.  Let  6  6'  cf  ^  re- 
present the  orbit  of  one  of  the  satellites 
the  plane  of  which  coincides  nearly 
with  that  of  the  planet's  orbit,  and, 
for  the  purposes  of  the  present  illus- 
tration, the  latter  may  be  considered 
as  coinciding  with  the  ecliptic  with- 
out producing  sensible  error. 

From  E  suppose  the  visual  lines  E  J 
and  E  j'  to  be  drawn,  meeting  the  path 
of  the  satellite  at  d  and  g^  and  at  a 
and  h\  and,  in  like  manner,  let  the 
corresponding  visual  lines  from  e' 
meet  it  at  <?  and  (/,  and  at  a'  and  h'. 
Let  c  and  c'  be  the  points  where  the 
path  of  the  satellite  crosses  the  limits 
of  the  shadow,  and  h  and  K  the 
points  where  it  crosses  the  extreme 
solar  rays  which  pass  along  those 
limits. 

If  /  express  ther  length  j/  of  the 
shadow,  d  the  distance  of  the  planet 
from  the  sun  in  semi-diameters  of  the 
planet,  and  r  and  r'  the  semi-dia- 
meters of  the  sun  and  the  planet 
respectively,  we  shall  have 

l^dy.^ 


r-r', 


Hg-Vi. 


by  which  formula  the  length  of  the  shadow  is  found  to  be  1 247 
semi-diameters  of  the  planet.  Now,  since  the  distance  of  the 
most  remote  satellite  is  not  so  much  as  27  semi-diameters  of  the 
planet  (406),  and  since  the  orbits  of  the  satellites  are  almost  ex- 
actly in  the  plane  of  the  orbit  of  the  planet,  it  is  evident  that 
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537.  I-t.  Eclipses  ot  tlie  satellites. —  llu>'' 
tlu'  ^utelliics  pass  through  the  shadow  behiud  thi 
eutrance  into  the  shadow,  called  the  immtrsion^ 
their  nearly  sudden  extinction.  Their  passage  out 
called  their  emersion,  is  manifested  hy  their  heii 
lighted. 

538.  2nd.  BoUi^ses  of  tbe  planet  by  tbe  sate 
the  satellites,  at  the  periods  of  their  conjunctions,  pe 
lines  s  J  and  tf  f,  their  shadows  ai'e  projected  on  ih 
planet  in  the  same  manner  as  the  shadow  of  the  mo 
on  the  earth  in  a  solar  eclipse,  and  in  this  case  the  8 
seen  moving  across  the  disk  of  the  planet,  in  a  direc 
its  belts,  as  a  small,  round,  and  intensely  black  spot. 

539  3^-  OccnltatioBS  of  tbe  satelUtes  by  tt 
When  a  satellite,  passing  behind  the  planet,  is  betweei 
E  J  o'  and  E  y  V,  drawn  from  the  earth,  it  is  conce 
observer  on  the  earth  by  the  interposition  of  the 
planet  It  disappears  on  one  side  of  the  planet's  d; 
pears  on  the  other  side,  having  passed  over  that  pi 
which  is  included  between  the  tangents.  This  phenon 
an  occtdtation  of  the  satellite. 

540.  4th.  Transits  of  tbe  satelliteB  over  Xt 
When  a  satellite,  being  between  the  earth  and  ] 
between  the  tangents  £J  and  ej',  drawn  from  the 
planet,  its  disk  is  projected  on  that  of  the  planet,  f 
seen  passing  across,  as  a  smflll  Kw^^ 
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noted,  the  difference  of  such  local  time  and  that  regi8T;ered  in  the 
Almanac  will  give  the  longitude  of  the  place  east  or  west  of  the 
meridian  of  Greenwich.  The  observations  of  the  other  phenomena 
of  the  satellites  of  Jupiter  cannot  be  made  with  sufRcient  accuracy, 
for  the  determination  of  differences  of  longitude. 

542.  Motion  of  UrUt  discovered,  and  its  ▼elooitj  mea- 
sured, by  means  of  tliese  eclipses. — Soon  after  the  invention 
of  the  telescope,  Roemer,  an  eminent  Danish  astronomer,  engaged 
in  a  series  of  observations,  the  object  of  which  was  the  discovery  of 
the  exact  time  of  the  revolution  of  one  of  these  bodies  round 
Jupiter.  The  mode  in  which  he  proposed  to  investigate  this  was, 
by  observing  the  successive  eclipses  of  the  satellite,  and  noticing 
the  time  between  them. 

Now  if  it  were  possible  to  observe  accurately  the  moment  at 
which  the  satellite  would,  after  each  revolution,  either  enter  the 
shadow,  or  emerge  from  it,  the  interval  of  time  between  these  events 
would  enable  us  to  calculate  exactly  the  velocity  and  motion  of  the 
satellite.  It  was,  then,  in  this  manner  that  Roemer  proposed  to 
ascertain  the  motion  of  the  satellite.  But,  in  order  to  obtain  this 
estimate  with  the  greatest  possible  precision,  he  proposed  to  con- 
tinue his  observations  for  several  months. 

Let  us,  then,  suppose  that  we  have  observed  the  time  which  has 
elapsed  between  two  successive  eclipses,  and  that  this  time  is,  for 
example,  forty-three  hours.  We  ought  to  expect  that  the  eclipse 
would  i*ecur  after  the  lapse  of  every  successive  period  of  forty-three 
hours. 

Imagine,  then,  a  table  to  be  computed  in  which  we  shall  calcu- 
late and  register  beforehand  the  sidereal  time  at  which  every  suc- 
cessive eclipse  of  the  satellite  for  twelve  months  to  come  shall 
occur,  and  let  us  conceive  that  the  earth  is  at  E,  at  the  commence- 
ment of  our  observations :  we  shall  then,  as  Roemer  did,  observe 
the  times  at  which  the  eclipses  occur,  and  compare  them  with  the 
corresponding  times  registered  in  the  table. 

Let  the  earth,  therefore,  at  the  commencement  of  these  observa- 
tions, be  supposed  at  E,  ^.  65,  where  it  is  nearest  to  Jupiter. 
When  the  earth  has  moved  to  e",  it  will  be  found  that  the 
occurrence  of  the  eclipse  is  a  little  later  than  the  time  registered  in 
the  table. 

As  the  earth  moves  from  e"  towards  e'",  the  actual  occurrence 
of  the  eclipse  is  more  and  more  retarded  beyond  the  time  of  its 
computed  occurrence,  until  at  e'",  in  conjunction,  it  is  found  to 
occur  about  sixteen  minutes  later  than  the  calculated  time. 

By  observations  such  as  these,  Roemer  was  struck  with  the  fact 
that  his  predictions  of  the  eclipses  proved  in  every  case  to  be  wrong. 
It  would  at  first  occur  to  him  that  this  discrepancy  might  arise 


-  .......   ...V   ,... ... 

...  .,  in;u  tilt'  inttM'\;il    by  which    it  w;i>   lat'T 

r-'LHilarly  incrt'iist'd.  'I'hi.-!  wa.-  [iii  ctr.'ct,  tli»'n,  t( 
(■')t;>isttnt  t«>  bt;  supposed  to  iirise  from  the  casual  e 
\  ution  ;  it  must  have  its  origin  in  some  physical  can 
kind. 

The  attention  of  Roemer  being  thus  attracted  to 
he  detennined  to  puisue  the  investigation  by  continu 
the  eclipses.    Time  accordingly  rolled  on,  and  the  e& 
ing  the  astronomer  with  it,  moved  from  e'''  to  b'. 

It  was  now  found,  that  though  the  time  observed  v 
the  computed  time,  it  was  not  so  much  so  as  at  'Bt" 
earth  again  approached  opposition,  the  difference  beet 
less,  until  on  arriving  at  e,  the  position  of  opposition^  i 
eclipse  agreed  in  time  exactly  with  the  computation. 

iVom  this  course  of  observation  it  became  appare 
lateness  of  the  eclipse  depended  altogether  on  th 
distance  of  the  earth  from  Jupiter.  The  greater  that  i 
later  was  the  occurrence  of  the  eclipse  as  apparent  to  th 
and  on  calculating  the  change  of  duitance,  it  was  fou 
delay  of  the  eclipse  was  exactly  proportional  to  the  inc 
earth's  distance  from  the  place  where  the  eclipse  occu 
when  the  earth  was  at  B^'',  the  eclipse  was  observed  sixtc 
or  about  looo  seconds  later  than  when  the  earth  was 
diameter  of  the  orbit  of  the  earth,  E  E%  measuring 
hundred  millions  of  miles,  it  appeared  that  that  di8tan( 
a  delay  of  a  thousand  seconds,  which  was  at  the 
hundred  thousand  miles  per  second.  It  Rnno*«-J  '' 
everv  two  huiKl«»^  ♦^- 
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appear  to  occur  to  an  observer  upon  the  earthi  has  a  dependence 
on  the  distance  of  the  earth  from  Jupiter. 

To  solve  this  difficulty,  the  happy  idea  oocnrred  to  Roemer  that 
the  moment  at  which  we  see  the  extinction  of  the  satellite  by  its 
entrance  into  the  shadow  is  not,  in  any  case,  the  very  moment  at 
which  that  event  takes  place,  but  sometime  afterward,  viz.  such 
an  interval  as  is  sufficient  for  the  light  which  left  the  satellite  just 
before  its  extinction  to  reach  the  eye.  Viewing  the  matter  thus,  it 
will  be  apparent  that  the  more  distant  the  earth  is  from  the 
satellite,  the  longer  will  be  the  interval  between  the  extinction  of 
the  satellite  and  the  arrival  of  the  last  portion  of  light  which  left 
it  at  the  eaith ;  but  the  moment  of  the  extinction  of  the  satellite  is 
that  of  the  commencement  of  the  eclipse,  and  the  moment  of  the 
arrival  of  the  light  at  the  earth  is  the  moment  the  conmiencement 
of  the  eclipse  is  observed. 

Thus  Roemer,  with  the  greatest  felicity  and  success,  explained 
the  discrepancy  between  the  calculated  and  the  observed  times  of 
the  eclipses ;  but  he  saw  that  these,  circumstances  placed  a  great 
discovery  at  his  hand.  In  short,  it  was  apparent  that  light  is 
propagated  through  space  with  a  certain  definite  speed,  and  that 
the  circumstances  we  have  just  explained  supply  the  means  of 
measuring  that  velocity. 

We  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one 
second  more  for  every  two  hundred  thousand  miles  that  the  earth's 
distance  from  Jupiter  is  increased,  the  reason  of  which  obviously  is, 
that  light  takes  one  second  to  move  over  that  spac^ ;  hence  it  is 
apparent  that  the  velocity  of  light  is  at  the  rate,  in  round  numbers, 
of  two  hundred  thousand  miles  per  second. 

By  more  exact  observation  and  calculation  the  velocity  is  foimd 
to  be  1 84,000  miles  per  second,  the  time  taken  in  crossing  the 
earth's  orbit  being  16"  35'*6. 

543.  Boltpaea  of  Satum's  aatellltea  not  obaerrable. — 
Owinjir  to  the  obliquity  of  the  orbits  of  the  Satumian  satellites  to 
that  of  the  primary,  eclipses  only  take  place  at  or  near  the  equinoxes 
of  the  planet,  the  satellites  revolving  nearly  in  the  common  plane 
of  the  equator  and  the  ring.  When  they  do  take  place,  these  eclipses 
are  so  difficult  of  observation  as  to  be  practically  useless  for  the 
determination  of  longitudes,  and  have,  consequently,  received  but 
little  attention. 

rV.  T&AKSITS  OF  THE  Il^FEBIOR  PlAKETS. 

544.  CondltloBa  wbioli  determine  a  transit.  —  When  an 
inferior  planet,  being  in  inferior  conjunction,  has  a  less  latitude  or 
distance  from  the  ecliptic  than  the  sun's  semi-diameter,  it  will  be 
less  distant  from  the  sun's  centre  than  such  semi-diameter,  and  will 
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therefore  be  within  the  sun's  disk.  In  this  case,  the  planet  being 
between  the  earth  and  sun,  its  dark  hemisphere  being  turned 
towards  the  earth,  it  will  appear  projected  upon  the  8un*s  disk  as 
an  intensely  black  round  spot.  The  apparent  motion  of  the  planet 
being  then  retrograde,  it  will  appear  to  move  across  the  disk  of  the 
sun  from  east  to  west  in  a  line  sensibly  parallel  to  the  ecliptic. 

Such  a  phenomenon  is  called  a  trait^sit,  and  as  it  can  only  take 
place  with  planets  which  pass  between  the  earth  and  sun,  it  is 
limited  to  the  inferior  planets. 

545.  Intervals  of  the  ooourrenoe  of  transits.  —  The  transits 
of  Mercury  and  Venus  are  phenomena  of  rare  occurrence,  especially 
those  of  Venus,  and  they  are  separated  by  very  unequal  intervals. 
The  following  are  the  dates  of  ihe  successive  transits  of  Mercury 
from  1 845  to  the  end  of  the  present  century  :  — 


i845 

. 

May  8. 

1848 

. 

Nov.  9. 

1861 

» 

Nov.  11. 

1866 

. 

Nov.  4. 

1878 

- 

Mny    6. 

Those  of  Venus  occur  only  at  intervals  of  8,  122,  8,  105,  8,  122, 
&c.  years;  the  iHst  took  place  on  December  8,  1874.  The  next 
transit  will  occur  on  December  6,  1882,  and  the  two  succeeding 
ones  on  June  7,  2004,  and  June  5,  2012. 

546.  Tlie  snn*s  dlstanoe  determined  by  tbe  transit  of 
Venns.  —  The  transits  of  Venus  have  acquired  immense  interest 
and  importance,  from  the  circumstance  of  their  supplying  data 
by  which  the  8un*s  distance  from  the  earth  can  be  determined  with 
far  greater  precision  than  by  any  other  known  method.  The  transits 
of  Mercury  would  supply  like  data,  but  owing  to  the  greater 
distance  of  that  planet  ^m  the  earth  when  in  inferior  conjunction, 
the  conditions  aifecting  the  data  are  not  nearly  so  favourable  as 
those  supplied  by  Venus. 

The  transit  of  Venus  on  the  3rd  of  June,  1769,  was  considered 
of  sufficient  importance  for  sending  out  an  astronomical  expedition 
to  Otaheite,  in  the  Pacific  Ocean,  for  the  purpose  of  obtaining 
observations  of  this  rare  phenomenon  at  a  distant  part  of  the 
globe,  which  would  supply  the  necessai-y  data,  in  conjunction  with 
those  found  from  observations  in  other  localities,  for  ascertaining 
the  amount  of  the  sim's  parallax.  This  expedition  was  under  the 
command  of  the  celebrated  Captain  Cook.  The  French,  Russian, 
and  other  governments  also  fitted  out  expeditions  in  the  most 
liberal  manner,  which  were  sent  to  various  parts  of  the  globe. 

On  a  comparison  of  all  the  observations,  it  was  found  that  they 
gave  8"' 5776  as  the  value  of  the  sun*s  horizontal  parallax,  or 
1 7''*!  552  as  the  angle  which  the  earth*s  diameter  subtends  at  the 
if'ui,      (See  Appendix,  807.) 
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Extensive  prepHrationa  were  made  by  adtronomen  of  all  oations 
for  the  observation  of  the  transit  of  Venus  on  December  8,  1874, 
the  preliaiinary  arrangements  for  the  British  stations  being  under- 
taken by  Sir  George  Airy,  the  Astronomer  ^Royal.  The  transit 
was  very  euccessfully  observed  at  some  of  the  most  important 
stations,  both  by  the  eye  and  by  photographic  registration. 

V.   OCCTTLTATIONS. 

547.  Occnltatloii  defined.  —  When  any  celestial  object,  the 
Sim  excepted,  is  concealed  by  the  interposition  of  another,  it  is  said 
to  be  OCCULTED,  and  the  phenomenon  is  called  an  occultation. 

Strictly  speaking,  a  solar  eclipse  is  an  occultation  of  the  sun  by 
the  moon,  but  usage  has  given  to  it,  by  exception,  the  name  of  an 
eclipse. 

548.  Oocnltattons  by  tbe  moon.  —  The  phenomena  of  this 
class  which  possess  greatest  astronomical  intei-est  are  those  of  stars 
and  planets  by  the  moon.  That  body,  measuring  about  half  a 
degree  in  diameter,  moves  in  her  monthly  course  so  as  to  occult 
every  object  on  the  firmament  which  is  included  in  a  zone  extending 
to  a  quarter  of  a  degree  at  each  side  of  the  apparent  path  of  her 
centre.  All  the  stars  whose  places  lie  in  this  zone  are  successively 
occulted,  and  disappearances  and  reappearances  of  the  moi*e  con- 
spicuous ones,  as  well  as  those  of  the  planets  which  may  be  found 
within  the  limits  of  the  same  zone,  present  some  of  the  most 
striking  effects  which  are  witnessed  by  observers. 

The  astronomical  amateur  will  find  in  the  Nautical  Almanac  a 
table  in  which  all  the  principal  occultations,  both  of  stars  and 
planets,  are  predicted. 

The  disappearance  takes  place  always  at  the  limb  of  the  moon, 
which  is  presented  in  the  direction  of  its  motion. 

From  the  epoch  of  full  moon  to  that  of  new  moon  the  moon 
moves  with  the  enlightened  edge  foremost,  and  from  new  moon  to 
full  moon  with  the  dark  edge  foremost.  During  the  former  inter- 
val, therefore,  the  objects  occulted  disappear  at  the  enlightened 
edge,  and  reappear  at  the  dark  edge,  and  during  the  latter  period 
they  disappear  at  the  dark,  and  reappear  at  the  enlightened  edge. 

The  disappearances  and  reappearances  when  the  moon  is  a 
crescent  are  especially  remarkable.  If  the  disappearance  take  place 
nt  the  convex  edge,  notice  of  its  approach  is  given  by  the  visible 
proximity  of  the  star,  which,  at  the  moment  of  contact,  is  suddenly 
extinguished.  Its  reappearance  is  more  ntartling,  for  it  seems  to  be 
suddenly  lighted  up  at  a  point  of  the  firmament  nearly  half  a  degree 
from  the  concave  edge  of  the  crescent.  If  the  disappearance  take 
place  at  the  dark  edge  it  is  much  more  striking,  the  star  appearing 
to  ^^  go  out ''  of  itself  at  a  point  of  the  sky  where  nothing  interferes 
with  it. 
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When  BtarS;  however,  are  of  less  magnitude  than  the  fifth,  the 
overpowering  light  of  the  moon  makee  the  star  invisible  before 
the  occultation  takes  place  at  the  enlightened  edge.  At  the  re- 
appearance the  same  effect  is  produced,  the  star  before  becoming 
visible  is  frequently  some  distance  from  the  bright  limb  of  the 
moon. 

The  moon's  horizontal  parallax  amounting  to  nearly  twice  its 
diameter,  the  part  of  the  firmament  on  which  it  is  projected  and 
which  is  its  apparent  place,  differs  at  different  parts  of  the  earth. 
In  different  latitudes  the  moon,  therefore,  in  the  course  of  the  month 
appears  to  traverse  different  zones  of  the  firmament,  and  consequently 
to  occult  different  stars.  Stars  which  are  occulted  in  certain  lati* 
tudes  are  not  occulted  at  ail  at  others,  and  of  those  which  are 
occulted,  the  durations  of  the  occultation  and  the  moments  and 
places  of  disappearance  and  reappearance  are  different 

To  render  this  more  intelligible,  let  v  8,  Jiff,  92,  represent  the 
earth,  N  being  its  north,  and  s  its  south  pole.  Let  m  m!  represent 
the  moon,  and  m*  and  m'  *  the  direction  of  a  star  which  is  occulted 
by  it  It  must  be  observed  that  the 
^  «  distance  of  the  star  being  practically  in- 
finite compared  with  the  diameter  of 
the  moon,  the  lines  m*  and  m'  *  are 
parallel.  Let  these  lines  be  supposed  to 
be  continued  to  meet  the  earth  at  /  and  /'. 
Let  similar  lines,  parallel  to  these,  be 
imagined  to  be  drawn  through  all  points 
of  a  section  of  the  moon  made  by  a  plane 
at  right  angles  to  the  direction  of  the 
star  passing  through  the  moon's  centre. 
Such  lines  would  form  a  cylindrical  sur- 
face, the  base  of  which  would  be  the 
section  of  the  moon,  and  it  would  be 
intersected  by  the  surface  of  the  earth, 
a  portion  of  which  would  be  included 
within  it,  one-half  of  which  is  re- 
presented by  the  darkly  shaded  part  of 
the  earth  between  /  and  /'.  It  is  clear 
that  the  star  will  be  occulted  by  the 
moon  to  all  observers  situated  within 
this  space. 

While  this  cylindrical  space  is  car- 
ried by  the  moon's  orbital  motion  from 
west  to  east,  the  surface  of  the  earth  in- 
cluded between  the  parallels  of  latitude  /  n  and  V  »',  is  also  carried 
from  west  to  east,  but  much  more  rapidly,  by  the  diurnal  rotatioo, 
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80  that  the  places  between  these  parallels  are  continiiallj  overtaking 
the  cylindrical  space  which  limits  the  occultation. 

It  is  evident  that  beyond  /  n  and  I'  n^,  which  are  called  the 
*^  limiting  parallels,''  no  occultation  can  take  place.  At  /  and  T 
the  star  is  seen  just  to  touch  the  moon's  limb  without  being  occulted, 
but  within  those  limits  it  will  be  occulted.  The  middle  parallel, 
o  o'  between  the  limited  parallels,  is  that  at  which  a  central  occul- 
tation is  seen,  and  where  therefore  the  duration  is  gi-eatest.  The 
occultation  may  be  seen  from  any  place  upon  the  earth  which 
lies  within  the  shaded  zone,  and  will  be  seen  provided  the  pheno- 
menon occur  during  the  night,  and  that  the  star  at  the  time  be 
above  the  horizon  at  such  an  altitude  as  to  render  the  event 
observable. 

In  the  Nautical  Almanac  these  "  limiting  parallels  "  for  every 
conspicuous  occultation  are  tabulated,  as  well  as  the  data  neces- 
sary to  enable  an  observer  at  any  proposed  latitude  to  ascertain 
previously  whether  any  particular  occultation  will  be  observable. 

5^9.  Betermlnation  of  longltadeB  by  Innar  oceal^tlons. 
—  In  common  with  all  phenomena  which  can  be  exactly  predicted, 
and  whose  manifestation  in  instantaneous,  occultations  of  stais  by 
the  moon  are  eminently  useful  for  the  exact  determination  cf 
longitudes.  The  frequency  of  their  occurrence  greatly  increases 
their  utility  in  this  respect,  and,  although,  for  nautical  purposes, 
the  obser^^er  cannot  always  choose  his  time  of  observation,  and 
therefore  cannot  be  left  dependent  on  them,  they  come  in  aid  of 
the  lunar  method  as  verifications ;  and  for  geogi'aphical  purposes 
on  land,  are  among  the  best  means  which  science  has  supplied. 
The  times  of  the  disappearance  and  reappearance  as  given  in  the 
Nautical  Almanac  being  only  approximate,  it  is  necessary  to 
compare  the  times  as  observed  at  any  particular  station  with  that 
obseiTed  at  another  station,  as  at  Greenwich  for  example,  from 
which  the  difference  of  longitude  of  the  two  places  is  inferred. 

550.  Oconltations  indicate  tlie  presence  or  absence  of  an 
atmospliere  around  tbe  occulting:  body.  —  When  a  star  is 
occulted  by  the  disk  of  the  moon  or  planet,  its  brightness,  pre- 
viously to  its  disappearance,  would  be  more  or  less  dimmed  by  the 
atmosphere  surrounding  such  object,  if  it  existed.  Such  a  gra- 
dual decrease  of  brightness  previously  to  disappearance,  as  well  as 
a  like  increase  of  brightness  after  reappearance,  has  been  observed 
in  occidtations  by  the  disks  of  planets,  but  never  by  the  disk  of  the 
moon. 

It  is  hence  inferred  that  the  planets  have,  and  the  moon  has  not, 
an  atmosphere. 

It  might  be  objected,  that  the  lunar  atmosphere  may  not  have 
gufficient  density  to  produce  any  sensible  diminution  of  brightness. 
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Another  test  has,  however,  been  found  in  the  effect  which  the 
refraction  of  an  atmosphere  would  have  in  decreasing  the  duration 
of  an  occultation.  No  such  decrease  being  observed,  it  is  inferred 
that  no  atmosphere  exists  around  the  moon. 

551.  SincruUur  ▼isibtlitj'  of  a  star  after  tbe  oommencement 
of  occultation.  —  Some  observers,  of  sufficient  weight  and  autho- 
rity to  command  general  confidence,  have  occasionally  witnessed 
a  phenomenon  in  occultations  known  as  the -projection  of  a  star  on 
the  disk  of  the  moon.  According  to  them,  it  sometimes  happens 
that  after  the  occulted  star  has  apparently  passed  behind  the  limb 
of  the  moon  it  continues  to  be  seen,  and  even  for  some  seconds, 
-lUotwithstanding  the  actual  interposition  of  the  body  of  the  moon. 
If  this  be  not  an  optical  illusion,  and  if  the  visual  rays  actually 
come  straight  to  the  observer,  they  must  pass  through  a  deep 
tissure  in  the  moon.  Such  a  supposition  is  compatible  only  with 
the  rare,  and  apparently  fortuitous,  occurrence  of  the  phenomenon. 

The  general  opinion  of  astronomers,  however,  is  that  the  pheno- 
menon of  the  projection  of  a  star  on  the  moon's  disk  can  be  ex- 
plained in  most  cases  by  the  general  principles  of  irradiation. 
This  singular  visibility  of  a  star  after  the  commencement  of  the 
occultation,  would  obviously  be  a  direct  consequence  of  irradiation, 
if  we  assume  that  the  image  of  the  moon's  limb  is  sometimes 
spuriously  enlarged  by  some  optical  defect  in  the  instrument  or 
the  observer,  and  that  the  image  of  the  star  is  therefore  seen 
through  this  imperfect  limb,  being  really  a  false  impression  on 
the  visual  organs  of  the  obser\'er,  created  by  the  above  defect. 

In  the  Memoirs  of  the  Itoyid  Astronomical  Societt/j  vol.  xxviii., 
the  Astronomer  Royal  has  treated  this  subject  at  some  length,  and 
has  collected  every  reliable  instance  of  recorded  projection  of  a 
star  on  the  moon's  disk.  From  1699  to  1857,  seventy-four 
cases  have  been  noticed  by  astronomers  of  various  countries,  and 
of  the  highest  authority.  Mr.  Airy  remarks  that,  "  It  is  to  be  con- 
ceived that  every  luminous  point  of  the  moon's  disk  is  accompanied 
with  a  system  of  rings ;  and  therefore,  that  the  aggregate  of  light 
produced  by  the  aggregate  of  all  the  luminous  points  of  the  moon's 
disk,  is  not  a  luminous  image  bounded  by  a  sharp  outline  at  what 
we  consider  the  geometrical  outline  of  the  imago,  but  that  the  geo- 
metrical outline  is  fringed  by  a  band  of  illumination,  produced  by 
the  interlacing  and  superposition  (not  interference)  of  all  the  systems 
of  rings ;  and  as  the  light  from  the  different  sources  is  uctuolly  super- 
posed and  aggregated,  it  is  certain  that  there  must  be  a  considerable 
quantity  of  light  external  to  the  geometrical  limb ;  and  when,  with 
a  very  fine  telescope,  we  see  the  moon's  limb  very  sharply  defined, 
and  apparently  surrounded  by  immediate  darkness,  we  do  in  i-eality 
«ee  it  erroneously.   Probably  some  operation  of  the  mind,  under  the 
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conviction  that  the  outline  of  light  ought  to  fall  in  a  given  curve, 
acts  on  the  animal  faculty  of  sensation  so  as  to  incapacitate  the 
visual  organs  from  perceiving  the  fainter  light  beyond  that  curve." 
Mr.  Airy  considers  that  his  explanations  of  these  curious  pheno- 
mena bring  them  under  the  general  category  of  irradiation.  But 
it  is  a  kind  of  irradiation  which  exists  at  one  time  but  not  at 
another,  which  is  seen  at  the  same  place  by  one  observer,  but  is 
unnoticed  by  others,  and  that  sometimes  it  remains  apparently 
constant  for,  at  least,  several  seconds  of  time,  and  sometimes 
varies  from  instant  to  instant.  These  phenomena,  however,  form 
an  interesting  subject  for  future  investigation. 

552.  Bunrested  applleatlon  of  lunar  oeeoltatloiui  to  resolve 
double  stars.  —  Sir  J.  Herschel  thinks  that  these  occultations 
would  supply  means  of  ascertaining  the  double  character  of  some 
stars,  the  individuals  suspected  to  compose  which  are  too  close 
together  to  be  divided  by  any  telescope.  He  thinks,  nevertheless, 
that  they  might  disappear  in  perceptible  succession  behind  the 
edge  of  the  moon's  disk.  It  does  not  seem  to  be  easy  to  conceive 
how  such  an  effect  can  be  expected  in  a  case  where  the  most 
powerful  telescopes  have  failed  to  resolve  the  stars. 

553.  Ooonltatloiis  bj  Saturn's  rluffs.  —  In  the  case  of  stars 
occulted  by  Saturn's  rings,  a  reappearance  and  second  disappear- 
ance may  be  seen  in  the  open  space  between  the  ring  and  the 
planet.  It  has  been  affirmed  also,  that  a  momentary  reappearance 
of  a  star,  in  the  space  which  intervenes  between  the  rings,  has  been 
witnessed.  This  observation  does  not,  however,  seem  to  have  been 
repeated,  notwithstanding  the  recent  improvements  in  the  telescope, 
and  the  increased  number  of  observers.  The  passage  of  the 
planet,  in  a  favourable  phase  of  the  ring,  through  the  neighbour- 
hood of  the  milky  way,  which  is  so  thickly  strewed  with  stars, 
would  afford  an  opportunity  of  testing  this,  and  might  also  supply 
decisive  evidence,  positive  or  negative,  upon  the  question  of  the 
existence  of  more  than  two  concentric  rings.  If  other  black  streaks 
seen  upon  the  surface  of  the  ring  be,  like  the  principal  one,  real 
openings  between  a  multiple  system  of  rings,  the  stars  sprinkled 
in  such  countless  nimibers  over  the  regions  of  the  galaxy,  and  the 
adjacent  parts  of  the  firmament,  would-be  seen  to  flash  between 
ring  and  ring,  as  the  planet  passes  before  them.  Such  observations, 
however,  would  require  in  the  telescope  the  very  highest  attainable 
degree  of  optical  perfection. 
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CHAPTER  XVm. 

COMIETS. 
I.   COMETAKT  OeBITS. 

554.  Prescience  of  the  Mtronomer. —  For  the  civil  and  poli- 
tical historian  the  past  alone  has  existence — the  present  he  rarely 
apprehends;  the  future  never.  To  the  historian  of  science  it  is 
permitted,  however,  to  penetrate  the  depths  gf  past  and  future  with 
equal  clearness  and  certainty :  facts  to  come  are  to  him  as  present 
and  not  unfrequently  more  assured  than  facts  which  are  passed. 
Although  this  clear  perception  of  causes  and  consequences  cha- 
racterises the  whole  domain  of  physical  science,  and  clothes  the 
natural  philosopher  with  powers  denied  to  the  political  and  moral 
inquirer,  yet  foreknowledge  is  eminently  the  privilege  of  the 
astronomer.  Nature  has  raised  the  curtain  of  futurity,  and  dis- 
played before  him  the  succession  of  her  decrees,  so  far  as  they  aftect 
the  physical  universe,  for  couhtless  ages  to  come ;  and  the  revela- 
tions of  which  she  has  made  him  the  instrument,  are  supported  and 
verified  by  a  never-ceasing  train  of  predictions  fulfilled.  He 
"shows  us  the  things  which  will  be  hereafter,"  not  obscurely 
shadowed  out  in  figures  and  in  parables,  as  must  necessarily  be  the 
case  with  other  revelations,  but  attended  with  the  most  minute 
precision  of  time,  place,  and  circumstance.  He  converts  the  hours 
as  they  roll  into  an  ever-present  miracle,  in  attestation  of  those 
laws  which  his  Creator  through  him  has  unfolded ;  the  sun  coimot 
rise — the  moon  cannot  wane — a  star  cannot  twinkle  iu  the  fir- 
mament, without  bearing  witness  to  the  truth  of  his  prophetic 
records.  It  has  pleased  the  "  Lord  and  Governor  "  of  the  world, 
in  His  inscrutable  wisdom,  to  baffle  our  inquiries  into  the  nature 
and  proximate  cause  of  that  wonderful  faculty  of  intellect — that 
image  of  his  own  essence  which  he  has  conferred  upon  us ;  nay, 
the  springs  and  wheelwork  of  animal  and  vegetable  vitality,  are 
concealed  from  our  view  by  an  impenetrable  veil,  and  the  pride  of 
philosophy  is  humbled  by  the  spectacle  of  the  physiologist  bending 
in  fruitless  ardour  over  the  dissection  of  the  human  brain,  and 
peering  in  equally  unproductive  inquiry  over  the  gambols  of  an 
animalcule.  But  how  nobly  is  the  darkness  which  envelopes 
metaphysical  inquiries  compensated  by  the  flood  of  light  which  is 
shed  upon  the  physical  creation  I  TTiere  all  is  harmony,  and  oi*der, 
and  majesty^  and  beauty.    From  the  chaos  of  social  and  political 
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phenomena  exhibited  in  human  records— phenomena  unconnected 
to  our  imperfect  vision  by  any  discoverable  law,  a  war  of  paasions 
and  prejudices,  governed  by  no  apparent  purpose,  tending  to  no 
apparent  end,  and  setting  all  intelligible  order  at  defiance — how 
soothing  and  yet  how  elevating  it  is  to  turn  to  the  splendid 
spectacle  which  offers  itself  to  the  habitual  contemplation  of  the 
astronomer !  How  favourable  to  the  development  of  all  the  best 
and  highest  feelings  of  the  soul  are  such  objects  I  the  only  passion 
they  inspire  being  the  love  of  truth,  and  the  chiefest  pleasure  of 
their  votaries  arising  from  excursions  through  the  imposing  scenery 
of  the  universe — scenery  on  a  scale  of  grandeur  and  magnificence 
compared  with  which  whatever  we  are  accustomed  to  call  sub- 
limity on  our  planet  dwindles  into  ridiculous  insignificancy.  Most 
justly  has  it  been  said,  that  nature  has  implanted  in  our  botoms  a 
craving  after  the  discovery  of  truth,  and  assuredly  that  glorious 
instinct  is  never  more  irresistibly  awakened  than  when  our  notice 
is  directed  to  what  is  going  on  in  the  heavens.  **  Quoniam  eadem 
Natura  cupiditatem  ingenuit  hominibus  veri  inveniendi,  quod 
facillime  apparet,  cum  vacui  curis,  etiam  quid  in  coelo  fiat,  scire 
avemus ;  his  initiis  inducti  omnia  vera  diligimus ;  id  est,  fidelia, 
simplicia,  constantia;  tum  vana,  falsa,  fallen tia  odimus.*'  * 

555.  StrULinirly  lUnstrated  by  oometary  iliscovery. — Such 
reflections  are  awakened  by  every  branch  of  the  science  which  now 
engages  us,  but  by  none  so  strongly  as  by  the  history  of  cometary 
discovery.  No  where  can  be  found  so  marvellous  a  series  of  phe- 
nomena foretold.  The  inter\'al  between  the  prediction  and  its  ful- 
filment has  sometimes  exceeded  the  limits  of  human  life,  and  one 
generation  has  bequeathed  its  predictions  to  another,  which  has 
been  filled  with  astonishment  and  admiration  at  witnessing  their 
literal  accomplishment. 

556.  Motion  of  comets  explained  bf  ffravltatlon. — In  the 
vast  framework  of  the  theory  of  jrravitation  constructed  by  Newton, 
places  were  provided  for  the  an-angement  and  exposition  not  only  of 
all  the  astronomical  phenomena  which  the  observation  of  all  pre- 
cedinp-  generations  had  supplied,  but  also  for  a  far  greater  mass  which 
the  more  fertile  and  active  research  of  the  generations  which  suc- 
ceeded him  have  furnished.  By  this  theory,  as  we  have  seen,  all 
the  known  planetary  motions  were  explained,  and  planets  previously 
unseen  were  felt  by  their  effects,  their  places  ascertained,  and  the 
telescope  of  the  observer  guided  to  them. 

But  transcend ently  the  greatest  triumph  of  this  celebrated  theorj- 
was  the  exposition  it  supplied  of  the  physical  laws  which  govern  the 
motions  of  comets  as  distinguished  from  those  which  prevail  among 
the  planets. 

•  Cicero:  De  Finibun  Bonorum  et  Malorum,  it  14. 
Z 
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557.  Conditloiui  imposed  on  tlio  orbits  of  bodies  wbiob  are 
subject  to  tbe  attraction  of  fravitation.  — It  is  proved  in  the 
propositions  demonstrated  in  the  first  book  of  Newton's  Principia, 
which  propositions  form  in  substance  the  ground-work  of  the  entire 
theory  of  gravitation,  that  a  body  which  is  under  the  influence  of  a 
central  force,  the  intensity  of  which  decreases  as  the  square  of  the 
distance  increases,  must  move  in  one  or  other  of  the  curves  known 
to  geometers  as  the  "  conic  sections,"  being  those  which  are  formed 
by  the  intersection  of  the  surface  of  a  cone  by  a  plane,  and  that  the 
centre  of  attraction  must  be  in  the  focus  of  the  curve ;  and  in  order 

to  prove  that  such  curves  are 
compatible  with  no  other  law 
of  attraction,  and  may  therefore 
be  taken  as  conclusive  evidence 
of  the  existence  of  this  law,  it 
is  further  demonstrated  that 
whenever  a  body  is  observed 
to  move  round  a  centre  of  at- 
traction in  any  one  of  these 
curves,  that  centre  being  its 
focus,  the  law  of  the  attraction 
will  be  that  of  gravitation ;  that 
is  to  say,  its  intensity  will  vary 
in  tlie  inverse  proportion  of  the 
square  of  the  distance  of  the 
moving  body  from  the  centre  of 
force. 

Subject  to  these  limitations, 
however,  a  body  may  move 
round  the  sim  in  any  orbit,  at 
any  distance,  in  any  plane,  and 
m  any  direction  whatever.  It 
may  describe  an  ellipse  of  any 
excentricity,  from  a  perfect 
circle  to  the  most  elongated 
oval.  This  ellipse  may  be  in 
any  plane,  from  that  df  the 
ecliptic  to  one  at  right  angles 
to  it,  and  the  body  may  move 
in  such  ellipses  either  in  the 
same  direction  as  the  earth  or 
P.g^j,  in  the  contrary  direction.    Or 

the  body  thus  subject  to  solar 
attraction  may  move  in  a  parabola  with  its  point  of  perihelion  at 
any  distance  whatever  from  the  sun,  either  grazing  its  very  surface 
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or  sweeping  beyond  the  orbit  of  Neptune,  or,  it  may  sweep  round 
the  sun  in  an  hyperbola,  entering  and  leaving  the  system  in  two 
divergent  directions. 

To  render  these  explanations,  which  are  of  the  greatest  interest 
and  importance  in  relation  to  the  subject  of  comets,  more  dearly 
understood,  we  have  represented  in^.  93,  the  forms  of  a  very  ex- 
centric  ellipse,  ah  (^  I/,  a  parabola  a  p  p',  and  an  hyperbola  a  h  h', 
having  s  as  their  conmion  focus,  and  it  will  be  convenient  to  ex- 
plain in  the  first  instance  the  relative  magnitude  of  some  important 
lines  and  distances  connected  with  these  orbits. 

^58.  Slliptlo  orbits. — Ellipses  or  ovals  vaiy  without  limits 
in  their  excentricity.  A  circle  is  regarded  as  an  ellipse  whose 
excentricity  is  nothing.  The  orbits  of  the  planets  generally  are 
ellipses,  but  having  excentricities  so  small  that,  if  described  on  a 
large  scale  in  their  proper  proportions  on  paper,  they  would  be 
distinguishable  from  circles  only  by  measuring  acciurately  the  di- 
mensions taken  in  different  directions^  and  thus  asceilaining  that 
they  are  longer  in  a  certain  direction  than  in  another  at  right 
angles  to  it.  A  very  excentric  and  oblong  ellipse  is  delineated  in 
fig,  93,  of  which  a  a'  is  the  major  axis.  The  focus  being  s,  the 
perihelion  distance  is  8  a,  and  the  aphelion  distance  is  s  a'y  the 
mean  distance  a  being  a  c,  or  half  the  major  axis. 

If  a  body  move  in  a  very  excentiic  ellipse,  such  as  that  represented 
in^.  93,  whose  plane  coincides  exactly  or  nearly  with  the  common 
plane  of  the  planetary  orbits,  it  may  intersect  the  orbits  of  several 
or  all  of  the  planets,  as  it  is  represented  to  do  in  the  figure,  although 
its  mean  distance  from  the  sun  may  be  less  than  the  mean  distance 
of  several  of  those  which  it  thus  intersects.  The  aphelion  distance 
of  such  a  body  may,  therefore,  greatly  exceed  that  of  any  planet ; 
while  its  mean  distance  may  be  less  than  that  of  the  more  distant 
planets. 

559.  ParaboUo  orbits. — The  fonu  of  a  parabolic  orbit  having 
the  same  perihelion  distance  as  the  elliptic  orbit  is  represented  at 
a  pp\\njlf/.  93.  This  orbit  consists  of  two  indefinite  branches, 
similar  in  fonii,  which  unite  at  perihelion  a.  Dep^ing  fi*om  this 
point  on  opposite  sides  of  the  axis  a  a\  their  curvature  regularly 
and  rapidly  decreases,  being  equal  at  equal  distances  from  peri- 
helion. The  two  branches  have  a  constant  tendency  to  assume  the 
direction  and  form  of  two  straight  lines  pai*allel  to  the  axis  a  a^. 
To  actual  paralleliem,  and  still  less  to  convergence,  these  branches, 
however,  never  attain,  and  consequently  they  can  never  reunite. 
They  extend,  like  parallel  straight  lines,  to  an  unlimited  distance 
without  ever  reimiting,  but  assuming  directions  when  the  distance 
from  the  focus  bears  a  high  ratio  to  the  perihelion  distance,  which 
are  practically  undistinguishable  from  parallelism. 


332  ASTRONOMY. 

One  parabolic  orbit  differs  from  another  in  its  perihelion  distance. 
The  less  this  distance  is^  the  less  will  be  the  separation  at  a  given 
dit*tance  from  s  between  the  parallel  directions  to  which  the  inde- 
finite branches  p  p'  tend.  This  distance  may  have  any  magnitude. 
The  body  in  its  perihelion  may  graze  the  surface  of  the  sun,  or 
may  pass  at  a  distance  from  it  greater  than  that  of  the  most  remote 
of  the  planets,  so  that,  although  it  be  subject  to  solar  attraction,  it 
would  in  that  case  never  enter  within  the  limits  of  the  solar  system 
at  all. 

A  body  moving  in  such  an  orbit,  therefore,  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  revolutions  round  the 
sun  'y  nor  can  the  term  periodic  time  be  applied  at  all  to  its  motion. 
It  enters  the  system  in  some  definite  direction,  such  as  p'p,  as  indi- 
cated by  the  arrow,  from  an  indefinite  distance.  Arriving  within  the 
sensible  influence  of  solar  gravitation,  the  effects  of  this  attraction 
are  manifested  in  the  duration  of  its  path,  which  gradually  increases 
as  its  distance  &om  the  sun  decreases,  until  it  arrives  at  perihelion, 
where  the  attractive  force,  and  consequently  the  cun-atm-e,  attain 
their  maxima.  The  extreme  velocity  which  the  body  attains  at 
this  point  produces,  in  virtue  of  the  inertia  of  the  moving  mass,  a 
centrifugal  force,  which  counteracts  the  gravitation,  and  the  body, 
after  passing  perihelion,  begins  to  retreat;  the  solar  gravitation 
and  the  ciuTature  of  its  path  decreasing  together,  until  it  issuea 
from  the  system  in  a  direction  p  p',  as  indicated  by  the  arrows, 
which  is  nearly  a  straight  line,  and  parallel  to  that  in  which  it 
entered.  In  such  an  orbit  a  body  therefore  visits  the  system  but 
once.  It  enters  in  a  certain  direction  from  an  indefinite  distance, 
and,  passing  through  its  perihelion,  issues  in  a  parallel  direction, 
passing  to  an  imlimited  distance,  never  to  retura. 

560.  Byperbolio  orbits. — This  cla.ss  of  orbits,  like  the  para- 
bolas, consist  of  two  indefinite  branches,  which  unite  at  perihelion, 
which  at  equal  distances  ft-om  perihelion  have  equal  cu^^•atu^es,  and 
which,  as  the  distance  from  perihelion  increases,  approach  inde- 
finitely in  direction  and  form  to  straight  lines,  but,  unlike  the 
parabolic  orbits,  the  straight  lines  to  whose  direction  the  two 
branches  approximate  are  divergent  and  not  parallel. 

Such  an  orbit  having  the  same  perihelion  distance  as  the  ellipse 
and  parabola,  is  represented  hy  a  h  h\ 

In  the  Jif/.  93,  the  orbits  circular,  elliptic,  parabolic,  and  hyper- 
bolic, are  necessarily  represented  as  being  all  in  the  same  plane.  It 
must,  however,  be  understood,  that,  so  far  as  any  conditions  are 
imposed  upon  them  by  the  law  of  gravitation,  they  may  severally 
be  in  any  planes  whatever,  inclined  each  to  the  otlier  at  any 
angles  whatever  from  o^  to  90°,  with  their  mutual  intersections 
or  lines  of  nodes  in  any  directions  whatever,  and  that  the  bodies 
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may  move  in  these  several  orbits,  in  any  directions,  how  opposed 
soever  to  each  other. 

561.  Planets  observe  in  flielr  motions  order  not  exacted 
bj  tbe  law  of  ffravitation. — When  the  theory  of  gravitation 
was  first  propounded  by  its  illustrious  author,  no  other  bodies,  save 
the  planets  and  satellites  then  discovered,  were  known  to  move 
under  the  influence  of  such  a  central  attraction.  These  bodies, 
however,  supplied  no  example  of  the  play  of  that  celebrated  theory 
in  its  full  latitude.  They  obeyed,  it  is  true,  its  laws,  but  they  did 
much  more.  They  displayed  a  degree  of  harmony  and  order  far 
exceeding  what  the  law  of  gravitation  exacted.  Permitted  by  that 
law  to  move  in  any  of  the  three  classes  of  conic  sections,  their,  paths 
were  exclusively  elliptical;  permitted  to  move  in  ellipses  in- 
finitely various  in  their  excentricities,  they  moved  exclusively  in  such 
as  diflered  almost  insensibly  from  circles ;  permitted  to  move  at 
distances  subordinated  to  no  regular  law,  they  moved  in  a  series  of 
orbits  at  distances  increasing  in  a  regular  progression ;  permitted  to 
move  at  all  conceivable  angles  with  the  plane  of  the  ecliptic,  their 
paths  are  inclined  to  it  at  angles  limited  in  genend  to  a  few  degrees  • 
permitted,  in  fine,  to  move  in  either  direction,  they  all  agreed  in 
moving  in  the  direction  in  which  the  earth  moves  in  its  annual 
course. 

Accordance  so  wonderful  and  order  so  admirable,  could  not  be 
fortuitous,  and,  not  being  enjoined  by  the  conditions  of  the  law 
of  gravitation,  must  either  be  ascribed  to  the  immediate  dictates  of 
the  Omnipotent  Architect  of  the  imiverse  above  all  general  laws,  or 
to  some  general  laws  superinduced  upon  gravitation,  which  had  es- 
caped the  sagacity  of  the  discoverer  of  that  principle.  If  the  former 
supposition  were  adopted,  some  bodies,  different  in  their  physical 
characters  from  the  planets,  primary  and  secondaiy,  and  playing 
different  parts  and  fulfilling  different  functions  in  the  economy  of  the 
universe,  might  still  be  found,  which  would  illustrate  the  play  of 
gravitation  in  its  full  latitude,  sweeping  round  the  sun  in  all  forms 
of  orbit  excentric,  parabolic,  and  hyperbolic,  in  all  planes,  at  all 
distances,  and  indifferently  in  both  directions.  If  the  latter  sup- 
position were  accepted,  then  no  other  orbit,  save  ellipses  of  small 
excentricity,  with  planes  coinciding  nearly  with  that  of  the  ecliptic 
would  be  physically  possible. 

562.  Comets  observe  no  sncb  order  in  tbeir  motions.  — 
Tlie  tlieory  of  gravitation  had  not  long  been  promulgated,  nor  as 
yet  been  genertdly  accepted,  when  the  means  of  its  further  verifica- 
tion were  sought  in  the  motion  of  comets.  Hitherto  these  bodies 
had  been  regarded  as  exceptional  and  abnormal,  and  as  being 
exempt  altogether  from  the  operation  of  the  law  and  order  which 
prevailed  in  a  manner  so  striking  among  the  members  of  the  solar 
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system.  So  little  attention  had  been  given  to  comets  that  it  had 
not  been  certainly  ascertained  whether  they  were  to  be  classed  as 
meteoric  or  cosmical  phenomena ;  whether  their  theatre  was  the 
regions  of  the  atmosphere,  or  the  vast  spaces  in  which  the  great 
bodies  of  the  universe  move.  Their  apparent  positions  in  the 
heavens  on  various  occasions  of  the  appearances  of  the  most 
conspicuous  of  them  had  nevertheless  been  from  time  to  time  for 
some  centuries  observed  and  recorded  with  such  a  degree  of  precision 
as  the  existing  state  of  astronomical  science  permitted  ;  and  even 
when  their  places  were  not  astronomically  ascertained,  the  date  of 
their  appearance  was  generally  preserved  in  the  historic  records, 
and  in  many  cases  the  constellations  through  which  they  passed 
were  indicated,  so  that  the  means  of  obtaining  at  least  a  rude  approx- 
imation to  their  position  in  the  firmament  were  thus  supplied. 

563.  They  move  inoonie  seotioiui,  witb  tbe  sun  for  tbo 
focus.  —  Such  observations,  vague,  scattered,  and  inexact  as  they 
were,  supplied,  however,  data  by  which,  in  several  cases,  it 
was  possible  to  compute  the  real  motion  of  these  bodies  through 
space,  their  positions  in  relation  to  the  sun,  the  earth,  and 
the  planets,  and  the  paths  they  followed  in  moving  through  the 
system,  with  sufficiently  approximate  accuracy  to  conclude  with 
certainty  that  they  were  one  or  other  of  the  conic  sections,  the 
place  of  the  sun  being  the  focus. 

This  was  sufficient  to  bring  these  bodies  under  the  general 
operation  of  the  attraction  of  gravitation. 

It  still  remained,  however,  to  determine  more  exactly  the  specific 
character  of  these  orbits.  Are  they  ellipses  more  or  less  excentricP 
or  parabolas  P  or  hyperbolas  ?  —  Any  of  the  three  classes  of  orbits 
would,  as  has  been  shown,  be  equally  compatible  with  the  law  of 
gravitation. 

564.  BilBcultj'  of  Mcertaininir  in  wliat  species  of  conto 
section  a  comet  moves. —  It  might  be  supposed  that  the  same 
course  of  obser^•ation  as  that  by  which  the  orbit  of  a  planet  is 
traced  would  be  applicable  equally  to  comets.  Many  circumstances, 
however,  attend  this  latter  class  of  bodies,  which  render  such 
observations  impossible,  and  compel  the  astronomer  to  resort  to 
other  means  to  determine  their  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  view 
each  of  the  other  planets  of  the  system  throughout  nearly  the 
whole  of  its  course.  Indeed,  there  is  no  part  of  the  orbit  of  any 
plaurfk  at  which,  at  some  time  or  other,  it  may  not  be  seen  from 
the  earth.  Every  point  of  the  path  of  each  planet  can  therefore 
be  observed ;  and,  although  without  waiting  for  such  observation, 
its  course  might  be  determined,  yet  it  is  material  hero  to  attend 
to  the  fact,  that  the  whole  orbit  may  be  submitted  to  direct  obser- 
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ration.  The  different  planets,  also,  present  peculiar  features  by 
which  each  may  be  distinguished.  Thus,  as  has  been  explained, 
they  are  observed  to  be  spherical  bodies  of  various  magnitudes. 
Their  surfaces  are  marked  by  peculiar  modes  of  ligEt  and  shade, 
which,  although  variable  and  shifting,  still,  in  each  case,  possess 
some  prevailing  and  permanent  characters  by  which  the  identity  of 
the  object  may  be  established,  even  were  there  no  other  means  of 
determining  it 

Unlike  planets,  comets  do  not  present  to  us  those  individual 
characters  above-mentioned,  by  which  their  identity  may  be 
determined.  None  of  them  have  been  satisfactorily  ascertained  to 
be  spherical  bodies,  nor  indeed  to  have  any  definite  shape.  It  is 
certain  that  many  of  them  possess  no  solid  matter,  but  are  masses 
consisting  of  some  nearly  transparent  substances;  others  are  so 
surrounded  with  this  apparently  vaporous  matter,  Uiat  it  is  impos- 
sible, by  any  means  of  observation  which  we  possess,  to  discover 
whether  this  vapour  enshrouds  within  it  any  solid  mass.  The 
same  vapour  which  thus  envelopes  the  body  (if  such  there  be 
within  it)  also  conceals  from  us  its  features  and  individual  character. 
Even  the  limits  of  the  vapour  itself,  if  vapour  it  be,  are  subject  to 
great  change  in  each  individual  comet.  Within  a  few  days  they 
are  sometimes  observed  to  increase  or  diminish  some  hundred-fold. 
A  comet  appearing  at  distant  intervals  presents,  therefore,  no  very 
obvious  means  of  recognition.  A  like  extent  of  surrounding 
vapour  would  evidently  be  a  fallible  test  of  identity ;  and  not  less 
inconclusive  would  it  be  to  infer  diversity  from  a  dilferent  extent 
of  nebulosity. 

If  a  comet,  like  a  planet,  revolved  round  the  sun  in  an  orbit 
nearly  circular,  it  might  be  seen  in  every  part  of  its  path,  and  its 
identity  might  thus  be  established  independently  of  any  peculiar 
characters  in  its  appearance.  But  such  is  not  the  course  which 
comets  are  observed  to  take. 

In  general  a  comet  is  visible  only  throughout  an  arc  of  its  orbit, 
which  extends  to  a  certain  limited  distance  on  each  side  of  its 
perihelion.  It  first  becomes  apparent  at  some  point  of  its  path, 
such  as  fff  g^y  or  ^'^fig^  93  5  ^^  approaches  the  sun  and  disappears 
after  it  passes  a  corresponding  point  g,  g'y  or  g"f  in  departing  from 
the  sun.  The  arc  of  its  orbit  in  which  alone  it  is  visible  would 
therefore  he  g  a  g,  g*  a  g",  or  g"  a  ^', 

If  this  arc,  extending  on  either  side  of  perihelion,  could  always 
be  observed  with  the  same  precision  as  are  the  planetary  orbits,  it 
would  be  possible,  by  the  properties  of  the  conic  sections,  to  deter- 
mine not  only  the  general  character  of  the  orbit,  whether  it  be  an 
ellipse,  or  parabola,  or  an  hyperbola,  but  even  to  ascertain  the 
individual  curve  of  the  one  kind  or  the  other  in  which  the  comet 
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moyes,  so  that  the  course  it  followed  before  it  became  yisible^  as 
well  as  that  which  it  pursues  after  it  ceases  to  be  visible,  would  be 
as  certainly  and  precisely  known  as  if  it  could  be  traced  by  direct 
observation  throughout  its  entire  orbit. 

565.  Bjperbollo  and  paraboUo  comets  not  periodic.  —  If 
it  be  ascertained  that  the  arc  in  which  the  comet  moves  while  it 
is  visible  is  part  of  an  hyperbola,  such  as  ^  a  ^,  it  will  be  infen*ed 
that  the  comet  coming  from  some  indefinitely  distant  region  of  the 
universe,  has  entered  the  system  in  a  certain  direction,  A'  A,  which 
can  be  inferred  from  the  visible  arc  ^  a  (7,  and  that  it  must  depart 
to  another  indefinitely  distant  region  of  the  imiverse  following  the 
direction  h  A',  which  is  also  ascertained  from  the  visible  arc  g  a  //. 

If,  on  the  other  hand,  it  be  ascertained  that  the  visible  arc,  such 
as  ^  a  ^,  be  part  of  a  parabola,  then,  in  like  manner  by  the  pro- 
perties of  that  curve,  it  will  follow  that  it  entered  the  system 
coming  from  an  indefinitely  distant  region  of  the  universe  in  a 
certain  direction,  p'  p,  which  can  be  inferred  from  the  visible  arc 
gf  a  ^<,  and  that  after  it  ceases  to  be  visible,  it  will  issue  from  the 
system  in  another  determinate  direction,  p  p\  parallel  to  that  by 
which  it  entered. 

The  comet,  in  neither  of  these  cases,  would  have  a  periodic 
character.  It  would  be  analogous  to  one  of  those  occasional 
meteors  which  are  seen  to  shoot  across  the  firmament  never  again 
to  reappear.  The  body,  aiTiving  from  some  distant  region,  and 
coming,  as  would  appear,  fortuitously  within  the  solar  attraction, 
is  drawn  from  its  course  into  the  hyperbolic  or  parabolic  path,  which 
it  is  seen  to  pursue,  and  escapes  from  the  solar  attraction,  issuing 
from  the  system  never  to  return.  The  phenomenon  would  in  each 
case  be  occasional,  and,  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  far  as  re- 
lates to  the  comet  itself,  the  phenomenon  would  consist  in  a  change 
of  the  direction  of  its  course  through  the  universe,  operated  by 
the  temporary  action  of  solar  graWtation  upon  it. 

566.  Blliptic  comets  periodic  like  tbc  planets.  —  But  the 
case  is  very  different,  the  tie  between  the  comet  and  the  system 
much  more  intimate,  and  the  interest  and  physical  importance  of 
the  body  transcendently  greater  when  the  arc,  such  as  g"  a  g^\ 
proves  to  be  part  of  an  ellipse.  In  that  case,  the  invisible  part  of 
the  orbit  being  infen-ed  from  the  visible,  the  major  axis  a  a'  would 
be  known.  The  comet  would  possess  the  periodic  character, 
making  successive  revolutions  like  the  planets,  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  which  could 
be  inferred  by  the  harmonic  law  from  the  magnitude  of  its  major 
axis. 

iSuch  a  body  will  then  not  be,  like  those  which  follow  hyperbolic 
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or  parabolic  paths,  an  occasional  visitor  to  the  system,  connected 
with  it  by  no  permanent  relation,  and  subject  to  solar  gravitation 
only  accidentally  and  temporarily.  It  would,  on  the  contrary,  be  as 
permanent,  if  not  as  strictly  regular,  a  member  of  the  system  as  any 
of  the  planets,  though  invested,  as  will  presently  appear,  with  an 
extremely  different  physical  character. 

It  will  therefore  be  easily  conceived  with  what  profound  intei-est 
comets  were  regarded  before  the  theory  of  gravitation  had  been  yet 
firmly  established  or  generally  accepted,  and  while  it  was,  so  to 
speak,  upon  its  trial.  These  bodies  were,  in  fact,  looked  for  as  the 
witnesses  whose  testimony  must  decide  its  fate. 

567.  BiAcalties  attendlnir  tlie  analjrsis  of  oometarj 
motions. — DifficultiiBS,  however,  which  seemed  almost  insur- 
mountable, opposed  themselves  to  the  satisfactory  and  conclusive 
analysis  of  their  motions.  Many  causes  rendered  the  observationg 
upon  their  apparent  places  few  in  number  and  deficient  in  preci- 
sion. The  arcs  g  ag^gf  ay^^  and  g"  a  ^'',  of  the  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  violation  of 
the  law  of  gravitation,  were  very  nearly  coincident  in  the  neighbour- 
hood of  the  place  of  perihelion  a.  It  was,  for  example,  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
different  curves,  an  excentric  ellipse,  such  as  a  6  a'  ft',  a  parabola, 
surh  as  p'  p  Of  and  an  hyperbola,  such  as  A'  A  a,  so  related  that  the 
arcs  g  a  g,  g  a  g',  and  //'  a  //',  would  not  deviate  one  from  another 
to  an  extent  exceeding  the  errors  inevitable  in  cometary  observations. 
Thus  any  one  of  the  three  curves  within  the  limits  of  the  visible 
path  of  the  comet  might  with  equal  fidelity  represent  its  course. 
In  such  cases,  therefore,  it  was  impossible  to  infer,  from  the  observa- 
tions alone,  whether  the  comet  belonged  to  the  class  of  hyperbolic 
or  parabolic  bodies,  which  have  no  periodic  character,  or  to  the 
elliptic,  which  has. 

568.  Periodioitj-  alone  proves  tbe  elliptic  oliaracter.  —  The 
character  of  periodicity  itself,  which  belongs  exclusively  to  elliptic 
orbits,  supplied  the  means  of  surmounting  this  difficulty.  If  any 
observed  comet  have  an  elliptic  motion,  it  must  return  to  perihelion 
after  completing  its  revolution,  and  it  must  have  been  visible  on 
former  returns  to  that  position.  Not  only  ought  it  to  be  expected, 
therefore,  that  such  a  comet  would  re-appear  in  future  after 
absences  of  equal  dui-ation  (depending  on  its  periodic  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  search- 
ing among  the  recorded  appearances  of  such  objects  for  any,  the 
dates  of  whose  appearance  might  correspond  with  the  supposed 
]>eriod,  and  whose  apparent  motions,  if  observed,  might  indicate  f% 
real  motion  in  an  orbit,  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  the  motion  of  such  a  body  were  not  affected  by  any  other  torce 
except  the  solar  attraction,  it  would  re-appear  after  each  successive 
revolution  at  exactly  the  same  point ;  would  follow,  while  visible, 
exactly  the  same  arc  g^'  a  </' ;  would  move  in  the  same  plane,  in- 
clined at  the  same  angle  to  the  ecliptic,  the  nodes  retaining  the  same 
places  ;  and  would  arrive  at  its  perihelion  at  exactly  the  same  point 
a,  and  after  exactly  equal  intervals. 

Now,  although  the  disturbing  actions  of  the  planets  near  which 
it  might  pass,  in  departing  from  and  returning  to  the  sun,  must  be 
expected  to  be  much  more  considerable  than  when  one  planet  acts 
upon  another,  as  well  because  of  the  extreme  comparative  lightness 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  which  some- 
times actually  or  nearly  intersects  the  paths  of  several  planets,  and 
especially  those  of  the  larger  ones,  yet  still  such  planetary  attrac- 
tions are  only  disturbances,  and  cannot  be  supposed  to  efface  that 
character  which  the  orbit  receives  from  the  predominant  force  of  the 
immense  mass  of  the  sun.  WTiile  therefore  we  may  be  prepared  for 
the  possibility,  and  even  the  probability,  that  the  same  periodic 
comet  on  the  occasion  of  its  successive  re-appearances,  may  follow  a 
path/'  a  g"  in  passing  to  and  from  its  perihelion,  differing  to  some 
extent  from  that  which  it  had  followed  on  previous  appearances,  yet 
in  the  main  such  differences  cannot,  except  in  rare  and  exceptional 
cases,  be  very  considerable,  and  for  the  same  reason  the  intervals  be- 
tween its  successive  periods,  though  they  may  differ,  cannot  be  sub- 
ject to  any  very  great  variation. 

569.  Periodicitj-,  combined  witli  tbe  identity  of  tlie  patlis 
wliile  Tisible,  establiabes  identity.  —  If  then,  on  examining  the 
various  comets  whose  appearances  have  been  recorded,  and  whose 
places  while  visible  have  been  observed,  and  on  computing  from  the 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  that  two  or  more  of  them,  while  visible,  moved  in  the  same 
path,  the  pi'esumption  will  be  that  these  were  the  same  body  re-ap- 
pearing after  having  completed  its  motion  in  an  elliptic  orbit ;  nor 
should  this  presumption  of  identity  be  hastily  rejected  because  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  intervals  between  its  successive  re-appear- 
ances, so  long  as  such  discrepancies  can  fairly  be  ajjcribed  to  the 
possible  disturbances  produced  by  planets  which  the  comet  might 
have  encountered  in  its  path. 

570.  Many  comets  recorded — ^few  observed. — Many  comets, 
however,  have  been  recordedf  but  not  observed.  Historians  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  their  apparent  places 
have  been  tnmsmitted  by  which  any  close  approximation  to  theii 
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actual  paths  could  be  made.  Nevertheless,  even  in  these  cases, 
some  clue  to  their  identification  is  supplied.  The  intervals  be- 
tween their  appearances  alone  is  a  highly  probable  test  of  identity. 
Thus  if  comets  were  regularly  recorded  to  have  appeared  at  in- 
tervals of  fifty  years  (no  circumstance  affording  evidence  of  the 
diversity  of  these  objects),  they  might  be  assumed,  with  a  high 
degree  of  probability,  to  be  the  successive  returns  of  an  elliptic 
comet  having  that  interval  as  its  period. 

571.  Claasilleatlon  of  tlie  oometarjr  orbits. —  The  appear- 
ances of  about  400  comets  had  been  recorded  in  the  annals  of 
various  countries  before  the  end  of  the  seventeenth  century,  the 
epoch  signalised  by  the  discoveries  and  researches  of  Newton.  In 
most  cases,  however,  the  only  circumstance  recorded  was  the  ap- 
pearance of  the  object,  accompanied  in  many  instances  with  detaUs 
bearing  evident  marks  of  exaggeration  respecting  its  magnitude, 
form,  and  splendour.  In  some  few  cases,  the  constellations 
through  which  the  object  passed  successively,  with  the  necessary 
dates,  are  mentioned,  and  in  some,  fewer  still,  obser\'ations  of  a 
rough  kind  have  been  handed  down.  From  such  scanty  data, 
eagerly  sought  for  in  the  works  preserved  in  diflTerent  countries, 
more  especially  from  astronomical  records  preserved  in  China  from 
the  earliest  ages,  sufficient  materials  have  been  collected  for  the 
computation,  with  more  or  less  approximation,  of  the  elements  of 
the  orbits  of  about  sixty  of  the  400  comets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contempr)raries, 
observers  have  been  more  active,  and  have  had  the  command  of 
instruments  of  considerable  and  constantly  increasing  power ;  so 
that  every  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  since  that  time,  has  been  observed  with  con- 
tinually increasing  precision,  and  data  have  been  in  all  cases 
obtained,  by  which  the  elements  of  the  orbits  have  been  calculated. 
Since  the  year  1700,  accordingly,  more  than  160  have  been 
observed,  the  elements  of  the  orbits  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  that  of  the  entire  number  of  comets  which 
have  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  computed.  Of  this  number  about  forty  have  been  ascer- 
tained, some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  the  system  in  hyperbolas,  and 
consequently  will  not  visit  it  again,  unless  they  be  thrown  into 
other  orbits  by  some  disturbing  force. 

The  remainder,  and  by  far  the  greatest  number,  have  passed 
through  the  system  either  in  parabolic  orbits,  or  in  ellipses  of  such 
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One  parabolic  orbit  differs  from  another  in  its  perihelion  distance. 
The  less  this  distance  is,  the  less  will  be  the  separation  at  a  given 
distance  from  s  between  the  parallel  directions  to  which  the  inde-* 
finite  branches  p  ;/  tend.  This  distance  may  have  any  magnitude. 
The  body  in  its  perihelion  may  graze  the  surface  of  the  sun,  or 
may  pass  at  a  distance  from  it  gr(»ater  than  that  of  the  most  remote 
of  the  planets,  so  that,  although  it  be  subject  to  solar  attraction,  it 
would  in  that  case  never  enter  within  the  limits  of  the  solar  system 
at  all. 

A  body  moving  in  such  an  orbit,  therefoi-e,  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  revolutions  round  the 
sun  J  nor  can  the  term  periodic  time  be  applied  at  all  to  its  motion. 
It  enters  the  system  in  some  definite  directiou,  such  as  p^p,  as  indi- 
cated by  the  arrow,  from  an  indefinite  distance.  Arriving  within  the 
sensible  influence  of  solar  gravitation,  the  eflects  of  this  attraction 
are  manifested  in  the  ciu*vation  of  its  path,  which  gradually  increases 
as  its  distance  from  the  sun  decreases,  until  it  arrives  at  perihelion, 
where  the  attractive  force,  and  consequently  the  cur\'ature,  attain 
their  maxima.     The  extreme  velocity  which  the  body  attains  at 

this  point  produces,  in  virtue  of  the  inertia  of  the  moving  mass,  a 
centrifugal  force,  which  counteracts  the  gravitation,  and  the  body, 

after  passing  perihelion,  begins  to  retreat;  the  solar  gravitation 
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may  move  in  these  several  orbits,  in  any  directions,  how  opposed 
soever  to  each  other. 

561.  Planets  obserre  in  Uieir  motions  order  not  exacted 
by  tbe  law  of  rraTitation. — When  the  theory  of  gravitation 
was  first  propounded  by  its  illustrious  author,  no  other  bodies,  save 
the  planets  and  satellites  then  discovered,  were  known  to  move 
under  the  influence  of  such  a  central  attraction.  These  bodies, 
however,  supplied  no  example  of  the  play  of  that  celebrated  theory 
in  its  full  latitude.  They  obeyed,  it  is  true,  its  laws,  but  they  did 
much  more.  They  displayed  a  degree  of  harmony  and  order  far 
exceeding  what  the  law  of  gravitation  exacted.  Permitted  by  that 
low  to  move  in  any  of  the  three  classes  of  conic  sections,  their  paths 
were  exclusively  elliptical;  permitted  to  move  in  ellipses  in- 
finitely various  in  their  excentricities,  they  moved  exclusively  in  such 
as  difiered  almost  insensibly  from  circles ;  permitted  to  move  at 
distances  subordinated  to  no  regular  law,  they  moved  in  a  series  of 
orbits  at  distances  increasing  in  a  regular  progression;  permitted  to 
move  at  all  conceivable  angles  with  the  plane  of  the  ecliptic,  their 
paths  are  inclined  to  it  at  angles  limited  in  general  to  a  few  degrees ; 
permitted,  in  fine,  to  move  in  either  direction,  they  all  agreed  in 
moving  in  the  direction  in  which  the  earth  moves  in  its  annual 
course. 

Accordance  so  wonderful  and  order  so  admirable,  could  not  be 
fortuitous,  and,  not  being  enjoined  by  the  conditions  of  the  law 
of  gravitation,  must  either  be  ascribed  to  the  immediate  dictates  of 
the  Omnti>oteQt  Architect  of  the  universe  above  all  general  laws,  or 
to  some  geneml  laws  8Uperindiice<1  ti])on  gravitation,  which  had  es- 
aped  the  sA^aoity  of  the  diacovert^rof  that  principle.  If  the  former 
"  inn  were  adopted,  some  bodies,  difierent  in  their  physical 
jraA^tera  from  the  planete,  priuiary  and  secondaiy,  and  playing 
ent  parts  imd  fiilfillitig  different  functions  in  the  economy  of  the 
L  miL'ht  still  be  found ^  whic^ii  would  illustrate  the  play  of 
it  J*  full  latitude,  sweeping  round  the  sim  in  all  forms 
.a lie,  pftTftbolio,  and  liiT)erbolic,  in  all  planes,  at  all 
lUTei^ntly  in  both  directions.  If  the  latter  sup- 
pted,  then  no  other  orbit,  save  ellipses  of  small 
jjftTies  coincidiug  nearly  with  that  of  the  ecliptic 
)<>t^F:ihle^ 
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systeiiL  So  little  attention  had  been  given  to  comets  that  it  had 
not  been  certainly  ascertained  whether  they  were  to  be  classed  as 
meteoric  or  cosmical  phenomena ;  whether  their  theatre  was  the 
regions  of  the  atmosphere,  or  the  vast  spaces  in  which  the  great 
bodies  of  the  universe  move.  Their  apparent  positions  in  the 
heavens  on  various  occasions  of  the  appearances  of  the  most 
conspicuous  of  them  had  nevertheless  been  from  time  to  time  for 
some  centuries  observed  and  recorded  with  such  a  degree  of  precision 
as  the  existing  state  of  astronomical  science  permitted ;  and  even 
when  their  places  were  not  astronomically  ascertained,  the  date  of 
their  appearance  was  generally  preserved  in  the  historic  records, 
and  in  many  cases  the  constellations  through  which  they  passed 
were  indicated,  so  that  the  means  of  obtaining  at  least  a  rude  approx- 
imation to  their  position  in  the  firmament  were  thus  supplied. 

563.  Tliey  move  inconie  sectloiis«  with  tbo  son  for  tbe 
foens.  —  Such  obser\'ations,  vague,  scattered,  and  inexact  as  they 
were,  supplied,  however,  data  by  which,  in  several  cases,  it 
was  possible  to  compute  the  real  motion  of  these  bodies  through 
space,  their  positions  in  relation  to  the  sun,  the  earth,  and 
the  planets,  and  the  paths  they  followed  in  moving  through  the 
system,  with  sufficiently  approximate  accuracy  to  conclude  with 
certainty  that  they  were  one  or  other  of  the  conic  sections,  the 
place  of  the  sun  being  the  focus. 

This  was  sufficient  to  bring  these  bodies  under  the  general 
operation  of  the  attraction  of  gravitation. 

It  still  remained,  however,  to  detennine  more  exactly  the  specific 
character  of  these  orbits.  Are  they  ellipses  more  or  less  excentric? 
or  parabolas  ?  or  hyperbolas  ?  —  Any  of  the  three  classes  of  orbits 
would,  as  has  been  shown,  be  equally  compatible  with  the  law  of 
gravitation. 

564.  Bifficulty  of  ascertaining  in  wliat  species  of  oonio 
section  a  comet  moves. —  It  might  be  supposed  that  the  same 
course  of  observation  as  that  by  which  the  orbit  of  a  planet  is 
traced  would  be  applicable  equally  to  comets.  Many  circumstances, 
however,  attend  this  latter  class  of  bodies,  which  render  such 
observations  impossible,  and  compel  the  astronomer  to  resort  to 
other  means  to  determine  their  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  view 
each  of  the  other  planets  of  the  system  throughout  nearly  the 
whole  of  its  course.  Indeed,  there  is  no  part  of  the  orbit  of  any 
plauirfk  at  which,  at  some  time  or  other,  it  may  not  be  seen  from 
the  earth.  Every  point  of  the  path  of  each  planet  can  therefore 
be  obser\'ed  ;  and,  although  without  waiting  for  such  obser\'ation, 
its  courae  might  be  determined,  yet  it  is  material  here  to  attend 
to  the  fact,  that  the  whole  orbit  may  be  submitted  to  direct  obser- 
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vation.  The  different  planets,  also,  present  peculiar  features  by 
which  each  may  be  distinguished.  Thus,  as  has  been  explained, 
they  are  ob8er\'ed  to  be  spherical  bodies  of  various  magnitudes. 
Their  surfaces  are  marked  by  peculiar  modes  of  ligEt  and  shade, 
which,  although  variable  and  shifting,  still,  in  each  case,  possess 
some  prevailing  and  permanent  characters  by  which  the  identity  of 
the  object  may  be  established,  even  were  there  no  other  means  of 
determining  it. 

Unlike  planets,  comets  do  not  present  to  us  those  individual 
characters  above-mentioned,  by  which  their  identity  may  be 
determined.  None  of  them  have  been  satisfactorily  ascertained  to 
be  spherical  bodies,  nor  indeed  to  have  any  definite  shape.  It  is 
certain  that  many  of  them  possess  no  solid  matter,  but  are  masses 
consisting  of  some  nearly  transparent  substances;  others  are  so 
surrounded  with  this  apparently  vaporous  matter,  that  it  is  impos- 
sible^ by  any  means  of  observation  which  we  possess,  to  discover 
whether  this  vapour  enshrouds  within  it  any  solid  mass.  The 
same  vapour  which  thus  envelopes  the  body  (if  such  there  be 
within  it)  also  conceals  from  us  its  features  and  individual  character. 
Even  the  limits  of  the  vapour  itself,  if  vapour  it  be,  are  subject  to 
great  change  in  each  individual  comet.  Within  a  few  days  they 
are  sometimes  observed  to  increase  or  diminish  some  hundred- fold. 
A  comet  appearing  at  distant  intervals  presents,  therefore,  no  very 
obvious  means  of  recognition.  A  like  extent  of  surrounding 
vapour  would  evidently  be  a  fallible  test  of  identity ;  and  not  less 
inconclusive  would  it  be  to  infer  diversity  from  a  different  extent 
of  nebulosity. 

If  a  comet,  like  a  planet,  revolved  round  the  sun  in  an  orbit 
nearly  circular,  it  might  be  seen  in  every  part  of  its  path,  and  its 
identity  might  thus  be  established  independently  of  any  peculiar 
characters  in  its  appearance.  But  such  is  not  the  course  which 
comets  are  observed  to  take. 

In  general  a  comet  is  visible  only  throughout  an  aixj  of  its  orbit, 
which  extends  to  a  certain  limited  distance  on  each  side  of  its 
perihelion.  It  first  becomes  apparent  at  some  point  of  its  path, 
such  as  gj  ^,  or  gf'^fig-  93  ;  it  approaches  the  sun  and  disappears 
after  it  passes  a  corresponding  point  g,  cf^  or  g^'y  in  departing  from 
the  sun.  The  arc  of  its  orbit  in  which  alone  it  is  visible  would 
therefore  be  ^  a  ^,  ^'  a  ^,  or  g'^  a  g". 

If  this  arc,  extending  on  either  side  of  perihelion,  could  always 
be  observed  with  the  same  precision  as  are  the  planetary  orbits,  it 
would  be  possible,  by  the  properties  of  the  conic  sections,  to  deter- 
mine not  only  the  general  character  of  the  orbit,  whether  it  be  an 
ellipse,  or  parabola,  or  an  hyperbola,  but  even  to  ascertain  the 
individual  curve  of  the  one  kind  or  the  other  in  which  the  comet 
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moTes,  80  that  the  course  it  followed  before  it  became  visible,  as 
well  as  that  which  it  pursues  after  it  ceases  to  be  visible,  would  be 
as  certainly  and  precisely  known  as  if  it  could  be  traced  by  direct 
observation  throughout  its  entire  orbit. 

565.  Bjrperbolio  and  parabolio  oomets  not  partodie.  —  If 
it  be  ascertained  that  the  arc  in  which  the  comet  moves  while  it 
is  visible  is  part  of  an  hyperbola,  such  as  ^  a  r^,  it  will  be  inferred 
that  the  comet  coming  fVom  some  indefinitely  distant  region  of  the 
universe,  haj*  entered  the  system  in  a  certain  direction,  A'  A,  which 
can  bo  inferred  from  the  visible  arc  g  a  g,  and  that  it  must  depart 
to  another  indefinitely  distant  region  of  the  universe  following  the 
direction  h  h%  which  is  also  ascertained  from  the  visible  arc  g  a  g. 

If,  on  the  other  hand,  it  be  ascertained  that  the  visible  arc,  such 
as  ^  a  ^,  be  part  of  a  parabola,  then,  in  like  manner  by  the  pro- 
perties of  that  curve,  it  will  follow  that  it  entered  the  system 
coming  from  an  indefinitely  distant  region  of  the  universe  in  a 
certain  direction,  p'  /?,  which  can  be  inferred  from  the  visible  arc 
g'  a  g^,  and  that  after  it  ceases  to  be  visible,  it  will  issue  from  the 
system  in  another  determinate  direction,  p  p%  parallel  to  that  by 
which  it  entered. 

The  comet,  in  neither  of  these  cases,  would  have  a  periodic 
character.  It  would  be  analogous  to  one  of  those  occasional 
meteors  which  are  seen  to  shoot  across  the  firmament  never  again 
to  reappep.r.  The  body,  arriving  from  some  distant  region,  and 
coming,  as  would  appear,  fortuitously  within  the  solar  attraction, 
is  drawn  from  its  course  into  the  hyperbolic  or  parabolic  path,  which 
it  is  seen  to  pursue,  and  escapes  from  the  solar  attraction,  issuing 
from  the  system  never  to  return.  The  phenomenon  would  in  each 
case  be  occasional,  and,  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  far  as  re- 
lates to  the  comet  itself,  the  phenomenon  would  consist  in  a  change 
of  the  direction  of  its  course  through  the  universe,  operated  by 
the  temporary  action  of  solar  gravitation  upon  it. 

566.  Blliptio  oomets  periodic  like  tbe  planets.  —  But  the 
case  is  very  diflferent,  the  tie  between  the  comet  and  the  system 
much  more  intimate,  and  the  interest  and  physical  importance  of 
the  body  transcendently  gixjater  when  the  arc,  such  as  (/'  a  ^', 
proves  to  be  part  of  an  ellipse.  In  that  case,  the  invisible  part  of 
the  orbit  being  inferred  from  the  visible,  the  major  axis  a  o'  would 
be  known.  The  comet  would  possess  the  periodic  character, 
making  successive  revolutions  like  the  planets,  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  which  could 
be  inferred  by  the  harmonic  law  from  the  magnitude  of  its  major 
axis. 

Such  a  body  will  then  not  be,  like  those  which  foUow  hyperbolic  . 
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or  parabolic  paths,  an  occasional  visitor  to  the  system,  connected 
with  it  by  no  permanent  relation,  and  subject  to  solar  gravitation 
only  accidentally  and  temporarily.  It  would,  on  the  contrary,  be  aa 
permanent,  if  not  as  strictly  regular,  a  member  of  the  system  as  any 
of  the  planets,  though  invested,  as  will  presently  appear,  with  an 
extremely  different  physical  character. 

It  will  therefore  be  easily  conceived  with  what  profound  intei-est 
comets  were  regarded  before  the  theory  of  gravitation  had  been  yet 
firmly  established  or  generally  accepted,  and  while  it  was,  so  to 
speak,  upon  its  trial.  These  bodies  were,  in  fact,  looked  for  as  the 
witnesses  whose  testimony  must  decide  its  fate. 

567.  BiAcultles  attendinir  tbe  analjvis  of  eometary 
motions. — DifficultiiBs,  however,  which  seemed  almost  insur- 
mountable, opposed  themselves  to  the  satisfactory  and  conclusive 
analysis  of  their  motions.  Many  causes  rendered  the  observations 
upon  their  apparent  places  few  in  number  and  deficient  in  preci- 
sion. The  arcs  g  a  g^^  atfy  and  g'^  a  g\  of  the  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  violation  of 
the  law  of  gravitation,  were  very  nearly  coincident  in  the  neighbour- 
hood of  the  place  of  perihelion  a.  It  was,  for  example,  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
different  curves,  an  excentric  ellipse,  such  as  a  6  a'  2^,  a  parabola, 
suoh  RS  p'  p  Of  and  an  hyperbola,  such  as  ^'  ^  a,  so  related  that  the 
arcs  g  a  g^  y  a  g'j  and  1/'  a  rf',  would  not  deviate  one  from  another 
to  an  extent  exceeding  the  eiTors  inevitable  in  cometary  observations. 
Thus  any  one  of  the  three  cur>'es  within  the  limits  of  the  visible 
path  of  the  comet  might  with  equal  fidelity  represent  its  course. 
In  such  cases,  therefore,  it  was  impossible  to  infer,  from  the  observa- 
tions alone,  whether  the  comet  belonged  to  the  class  of  hyperbolic 
or  parabolic  bodies,  which  have  no  periodic  character,  or  to  the 
elliptic,  which  has. 

568.  Perlodioity  alone  proves  tbe  elllptio  cliaracter.  —  The 
character  of  periodicity  itself,  which  belongs  exclusively  to  elliptic 
orbits,  supplied  the  means  of  surmounting  this  difficulty.  If  any 
observed  comet  have  an  elliptic  motion,  it  must  return  to  perihelion 
after  completing  its  revolution,  and  it  must  have  been  visible  on 
former  returns  to  that  position.  Not  only  ought  it  to  be  expected, 
therefore,  that  such  a  comet  would  re-appear  in  future  after 
absences  of  equal  dumtion  (depending  on  its  periodic  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  soai'ch- 
in<r  among  the  recorded  appearances  of  such  objects  for  any,  the 
dates  of  whose  appearance  might  correspond  with  the  supposed 
period,  and  whose  apparent  motions,  if  observed,  might  indicate  f* 
real  motion  in  an  orbit,  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  the  motion  of  such  a  body  were  not  affected  by  any  other  torce 
except  the  solar  attraction,  it  would  re-appear  after  each  successive 
revolution  at  exactly  the  same  point ;  would  follow,  while  visible, 
exactly  the  same  arc  gt'  a  </' ;  would  move  in  the  same  plane,  in- 
clined at  the  same  angle  to  the  ecliptic,  the  nodes  retaining  the  same 
places ;  and  would  arrive  at  its  perihelion  at  exactly  the  same  point 
a,  and  after  exactly  equal  intervals. 

Now,  although  the  disturbing  actions  of  the  planets  near  which 
it  might  pass,  in  departing  from  and  returning  to  the  sun,  must  be 
expected  to  be  much  more  considerable  than  when  one  planet  acts 
upon  another,  as  well  because  of  the  extreme  comparative  lightness 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  which  some- 
times actually  or  nearly  intei*sect8  the  paths  of  several  planets,  and 
especially  those  of  the  larger  ones,  yet  still  such  planetary  attrac- 
tions are  only  disturbances,  and  cannot  be  supposed  to  efface  that 
character  which  the  orbit  receives  from  the  predominant  force  of  the 
immense  mass  of  the  sun.  While  therefore  we  maybe  prepared  for 
the  possibility,  and  even  the  probability,  that  the  same  periodic 
comet  on  the  occasion  of  its  successive  rb-appearances,  may  follow  a 
path  <7"  a  g"  in  passing  to  and  from  its  perihelion,  differing  to  some 
extent  from  that  which  it  had  followed  on  previous  appearances,  yet 
in  the  main  such  differences  cannot,  except  in  rare  and  exceptional 
cases,  be  very  considerable,  and  for  the  same  reason  the  intervals  be- 
tween its  successive  periods,  though  they  may  differ,  cannot  be  sub- 
ject to  any  very  great  variation. 

569.  Periodioity,  combined  witb  tbe  identity  of  tbe  patbs 
wliile  Tisible,  establislies  identity.  —  K  then,  on  examining  the 
various  comets  whose  appearances  have  been  recorded,  and  whose 
places  while  visible  have  been  observed,  and  on  computing  from  the 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  that  two  or  more  of  them,  while  visible,  moved  in  the  same 
path,  the  presumption  will  be  that  these  were  the  same  body  re-ap- 
pearing after  having  completed  its  motion  in  an  elliptic  orbit ;  nor 
should  this  presumption  of  identity  be  hastily  rejected  because  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  inter\'als  between  its  successive  re-appear- 
ances, so  long  as  such  discrepancies  can  fairly  be  ascribed  to  the 
possible  disturbances  produced  by  planets  which  the  comet  might 
have  encountered  in  its  path. 

570.  Many  comets  recorded — few  obserred. — Many  comets, 
however,  have  been  recorded,  but  not  observed.  Historians  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  their  apparent  places 
have  been  transmitted  by  which  any  close  approximation  to  theix 
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actual  paths  could  be  made.  Nevertheless,  even  in  these  cases, 
some  clue  to  their  identification  is  supplied.  The  intervals  be* 
tween  their  appearances  alone  is  a  highly  probable  test  of  identity. 
Thus  if  comets  were  regularly  recorded  to  have  appeared  at  in- 
tervals of  fifty  years  (no  circumstance  affording  evidence  of  the 
diversity  of  these  objects),  they  might  be  assumed,  with  a  high 
degree  of  probability,  to  be  the  successive  returns  of  an  elliptic 
comet  having  that  interval  as  its  period. 

571.  ClassllloatloB  of  tbe  oometarx  orMts. —  The  appear- 
ances of  about  400  comets  had  been  recorded  in  the  annals  of 
various  countries  before  the  end  of  the  seventeenth  century,  the 
epoch  signalised  by  the  discoveries  and  researches  of  Newton.  In 
most  cases,  however,  the  only  circumstance  recorded  was  the  ap- 
pearance of  the  object,  accompanied  in  many  instances  with  details 
bearing  evident  marks  of  exaggeration  respecting  its  magnitude, 
form,  and  splendour.  In  some  few  cases,  the  constellations 
through  which  the  object  passed  successively,  with  the  necessary 
dates,  are  mentioned,  and  in  some,  fewer  still,  observations  of  a 
rough  kind  have  been  handed  down.  From  such  scanty  data, 
eagerly  sought  for  in  the  works  preserved  in  different  countries, 
more  especially  from  astronomical  records  preserved  in  China  from 
the  earliest  ages,  sufficient  materials  have  been  collected  for  the 
computation,  with  more  or  less  approximation,  of  the  elements  of 
the  orbits  of  about  sixty  of  the  400  comets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contemporaries, 
observers  have  been  more  active,  and  have  had  the  command  of 
instnmients  of  considerable  and  constantly  increasing  power ;  so 
that  every  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  since  that  time,  has  been  observed  with  con- 
tinually increasing  precision,  and  data  have  been  in  all  cases 
obtained,  by  which  the  elements  of  the  orbits  have  been  calculated. 
Since  the  year  1700,  accordingly,  more  than  160  have  been 
observed,  the  elements  of  the  orbits  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  that  of  the  entire  number  of  comets  which 
have  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  computed.  Of  this  number  about  forty  have  been  ascer- 
tained, some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  the  system  in  hyperbolas,  and 
consequently  wiU  not  visit  it  again,  unless  they  be  thrown  into 
other  orbits  by  some  disturbing  force. 

The  remainder,  and  by  far  the  greatest  number,  have  passed 
tbn)ugh  the  system  either  in  parabolic  orbits,  or  in  ellipses  of  such 
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moves,  80  that  the  course  it  followed  before  it  became  visible,  as 
well  as  that  which  it  pursues  after  it  ceases  to  be  visible,  would  be 
as  certainly  and  precisely  known  as  if  it  could  be  traced  by  direct 
observation  throughout  its  entire  orbit. 

565.  Bjrperbolio  and  paraboUe  comets  not  periodic. —  If 
it  be  ascertained  that  the  arc  in  which  the  comet  moves  while  it 
is  visible  is  part  of  an  hyperbola,  such  as  ^  a  r^,  it  will  be  infen-ed 
that  the  comet  coming  from  some  indefinitely  distant  region  of  the 
imiverse,  has  entered  the  system  in  a  certain  direction,  A'  A,  which 
can  be  inferred  from  the  visible  bic  g  a  g,  and  that  it  must  depart 
to  another  indefinitely  distant  region  of  the  universe  following  the 
direction  h  h%  which  is  also  ascertained  from  the  visible  arc  g  a  g. 

If,  on  the  other  hand,  it  be  ascei-tained  that  the  visible  arc,  such 
as  ^  a  ^,  be  part  of  a  parabola,  then,  in  like  manner  by  the  pro- 
perties of  that  curve,  it  will  follow  that  it  entered  the  system 
coming  from  an  indefinitely  distant  region  of  the  universe  in  a 
certain  direction,  p'  /?,  which  can  be  inferred  from  the  visible  arc 
g'  a  g'y  and  that  after  it  ceases  to  be  visible,  it  vnll  issue  from  the 
system  in  another  determinate  direction,  p  p'y  parallel  to  that  by 
which  it  entered. 

The  comet,  in  neither  of  these  cases,  would  have  a  periodic 
character.  It  woidd  be  analogous  to  one  of  those  occasional 
meteors  which  are  seen  to  shoot  across  the  firmament  never  again 
to  reappear.  The  body,  arriving  from  some  distant  region,  and 
coming,  as  would  appear,  fortuitously  within  the  solar  attraction, 
is  drawn  from  its  course  into  the  hvperbolic  or  parabolic  path,  which 
it  is  seen  to  pursue,  and  escapes  from  the  solar  attraction,  issuing 
from  the  system  never  to  return.  The  phenomenon  would  in  each 
case  be  occasional,  and,  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  far  as  re- 
lates to  the  comet  itself,  the  phenomenon  would  consist  in  a  change 
of  the  direction  of  its  course  through  the  universe,  operated  by 
the  temporary  action  of  solar  gravitation  upon  it. 

566.  Blliptic  comets  periodic  like  tbe  planets.  —  But  the 
case  is  verj'  different,  the  tie  between  the  comet  and  the  system 
much  more  intimate,  and  the  interest  and  physical  importance  of 
the  body  transcendently  greater  when  the  arc,  such  as  ,/'  a  </', 
proves  to  be  part  of  an  ellipse.  In  that  case,  the  invisible  part  of 
the  orbit  being  infen'ed  from  the  visible,  the  major  axis  a  a'  would 
be  known.  The  comet  would  possess  the  periodic  character, 
making  successive  revolutions  like  the  planets,  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  which  could 
be  inferred  by  the  harmonic  law  from  the  magnitude  of  its  major 
axis. 

Such  a  body  will  then  not  be,  like  those  which  follow  hyperbolic 
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or  parabolic  paths,  an  occasional  visitor  to  the  system^  connected 
with  it  by  no  permanent  relation,  and  subject  to  solar  gravitation 
only  accidentally  and  temporarily.  It  would,  on  the  contrary,  be  as 
permanent,  if  not  as  strictly  regular,  a  member  of  the  system  as  any 
of  the  planets,  though  invested,  as  will  presently  appear,  with  an 
extremely  different  physical  character. 

It  will  therefore  be  easily  conceived  with  what  profound  intei-est 
comets  were  regarded  before  the  theory  of  gravitation  had  been  yet 
tirmly  established  or  generally  accepted,  and  while  it  was,  so  to 
speak,  upon  its  trial.  These  bodies  were,  in  fact,  looked  for  as  the 
witnesses  whose  testimony  must  decide  its  fate. 

567.  BiAooltles  attending  tlie  analjvis  of  oometary 
motions. — Difficultiies,  however,  which  seemed  almost  insur- 
moimtable,  opposed  themselves  to  the  satisfactory  and  conclusive 
analysis  of  their  motions.  Many  causes  rendered  the  observations 
upon  their  apparent  places  few  in  nimiber  and  deficient  in  preci- 
sion. The  arcs  g  a  g^  ^  a(/,  and  g'^  a  g'%  of  the  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  violation  of 
the  law  of  gravitation,  were  very  nearly  coincident  in  the  neighbour- 
hood of  the  place  of  perihelion  a.  It  was,  for  example,  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
different  cun-es,  an  excentric  ellipse,  such  rb  a  b  a'  l/f  &  parabola, 
surh  as  p'  p  a,  and  an  hyperbola,  such  as  A'  ^  a,  so  related  that  the 
arcs  g  a  g,  g  a  g'j  and  g^'  a  //',  would  not  deviate  one  from  another 
to  an  extent  exceeding  the  eiTors  inevitable  in  cometaiy  observations. 
Thus  any  one  of  the  three  curves  within  the  limits  of  the  visible 
path  of  the  comet  might  with  equal  fidelity  represent  its  course. 
In  such  cases,  therefore,  it  was  impossible  to  infer,  from  the  observa- 
tions alone,  whether  the  comet  belonged  to  the  class  of  hyperbolic 
or  parabolic  bodies,  which  have  no  periodic  character,  or  to  the 
elliptic,  which  has. 

568.  Perlodioltj'  alone  proves  tbe  elliptic  cliaraoter.  —  The 
character  of  periodicity  itself,  which  belongs  exclusively  to  elliptic 
orbits,  supplied  the  means  of  surmounting  this  difficulty.  If  any 
observed  comet  have  an  elliptic  motion,  it  must  return  to  perihelion 
after  completing  its  revolution,  and  it  must  have  been  visible  on 
former  returns  to  that  position.  Not  only  ought  it  to  be  expected, 
therefore,  that  such  a  comet  would  re-appear  in  future  after 
absences  of  equal  duration  (depending  on  its  periodic  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  search- 
ing" among  the  recorded  appearances  of  such  objects  for  any,  the 
dates  of  whose  appearance  might  correspond  with  the  supposed 
period,  and  whose  apparent  motions,  if  observed,  might  indicate  f» 
real  motion  in  an  orbit,  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  the  motion  of  such  a  hody  were  not  affected  by  any  other  torce 
except  the  solar  attraction,  it  would  re-appear  after  each  successive 
revolution  at  exactly  the  same  point ;  would  follow,  while  visible, 
exactly  the  same  arc  </'  a  </' ;  would  move  in  the  same  plane,  in- 
clined at  the  same  angle  to  the  ecliptic,  the  nodes  retaining  the  same 
places ;  and  would  arrive  at  its  perihelion  at  exactly  the  same  point 
tf,  and  after  exactly  equal  intervals. 

Now,  although  the  disturbing  actions  of  the  planets  near  which 
it  might  pass,  in  departing  from  and  returning  to  the  sun,  must  be 
expected  to  be  much  more  cx)nsiderable  than  when  one  planet  acts 
upon  another,  as  well  because  of  the  extreme  comparative  lightness 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  which  some- 
times actually  or  nearly  intei*sects  the  paths  of  several  planets,  and 
especially  those  of  the  larger  ones,  yet  still  such  planetary  attrac- 
tions are  o/i/y  disturbances,  and  cannot  be  supposed  to  efface  that 
character  which  the  orbit  receives  from  the  predominant  force  of  the 
immense  mass  of  the  sim.  WTiile  therefore  we  may  be  prepared  for 
the  possibility,  and  even  the  probability,  that  the  same  periodic 
comet  on  the  occasion  of  its  successive  rb-appearances,  may  follow  a 
path  <7"  a  g"  in  passing  to  and  from  its  perihelion,  differing  to  some 
extent  from  that  which  it  had  followed  on  previous  appearances,  yet 
in  the  main  such  diilerences  cannot,  except  in  rare  and  exceptional 
cases,  be  very  considerable,  and  for  the  same  reason  the  intervals  be- 
tween its  successive  periods,  though  they  may  differ,  cannot  be  sub- 
ject to  any  very  great  variation. 

569.  Periodicity,  combined  witb  tbe  identity  of  tbe  patlis 
wbile  visible,  establishes  identity.  —  K  then,  on  examining  the 
various  comets  whose  appearances  have  been  recorded,  and  whose 
places  while  visible  have  been  observed,  and  on  computing  from  the 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  that  two  or  more  of  them,  while  visible,  moved  in  the  same 
path,  the  prcsumption  will  be  that  these  were  the  same  body  re-ap- 
pearing after  having  completed  its  motion  in  an  elliptic  orbit ;  nor 
should  this  presumption  of  identity  be  hastily  rejected  because  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  intervals  between  its  successive  rc-appear- 
ances,  so  long  as  such  discrepancies  can  fairly  be  ascribed  to  the 
possible  disturbances  produced  by  planets  which  the  comet  might 
have  encountered  in  its  path. 

570.  BKany  comets  recorded — few  obserred. — Many  comets, 
however,  have  been  recorded^  but  not  observed.  Historians  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  their  apparent  places 
have  been  transmitted  by  which  any  close  approximation  to  theiz 
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actual  paths  could  be  made.  Nevertheless,  even  in  these  cases, 
some  clue  to  their  identification  is  supplied.  The  intervals  be- 
tween their  appearances  alone  is  a  highly  probable  test  of  identity. 
Thus  if  comets  were  regularly  recorded  to  have  appeared  at  in- 
tervals of  fifty  years  (no  circumstance  affording  evidence  of  the 
diversity  of  these  objects),  they  might  be  assumed,  with  a  high 
degree  of  probability,  to  be  the  successive  returns  of  an  elliptic 
comet  having  that  interval  as  its  period. 

571.  ClassllloatloB  of  tbe  oometarx  orMts. —  The  appear- 
ances of  about  400  comets  had  been  recorded  in  the  annals  of 
various  countries  before  the  end  of  the  seventeenth  century,  the 
epoch  signalised  by  the  discoveries  and  researches  of  Newton.  In 
most  cases,  however,  the  only  circumstance  recorded  was  the  ap- 
pearance of  the  object,  accompanied  in  many  instances  with  details 
bearing  evident  marks  of  exaggeration  respecting  its  magnitude, 
form,  and  splendour.  In  some  few  cases,  the  constellations 
through  which  the  object  passed  successively,  with  the  necessary 
dates,  are  mentioned,  and  in  some,  fewer  still,  obseriations  of  a 
rough  kind  have  been  handed  down.  From  such  scanty  data, 
eagerly  sought  for  in  the  works  preserved  in  different  countries, 
more  especially  from  astronomical  records  preserved  in  China  from 
the  earliest  ages,  sufficient  materials  have  been  collected  for  the 
computation,  with  more  or  less  approximation,  of  the  elements  of 
the  orbits  of  about  sixty  of  the  400  cx)mets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contemporaries, 
observers  have  been  more  active,  and  have  had  the  command  of 
instruments  of  considerable  and  constantly  increasing  power  j  so 
that  every  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  since  that  time,  has  been  observed  with  con- 
tinually increasing  precision,  and  data  have  been  in  all  cases 
obtained,  by  which  the  elements  of  the  orbits  have  been  calculated. 
Since  the  year  1700,  accordingly,  more  than  160  have  been 
observed,  the  elements  of  the  orbits  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  that  of  the  entire  number  of  comets  which 
have  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  computed.  Of  this  number  about  forty  have  been  ascer- 
tained, some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  the  system  in  hyperbolas,  and 
consequently  will  not  visit  it  again,  unless  they  be  thrown  into 
other  orbits  by  some  disturbing  force. 

The  remainder,  and  by  far  the  greatest  number,  have  passed 
through  the  system  either  in  parabolic  orbits,  or  in  ellipses  of  such 
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with  it,  however  stroogly  some  of  the  elements  of  their  present 
orbits  may  raise  such  a  presumption. 

595.  BlftinpAiii**  oomet  of  1819. — M.  Blainpain  disooTered  a 
comet  at  Marseilles  on  the  28th  of  November,  18 19,  which  was 
observed  at  Milan  until  the  25th  of  January,  1 820.  The  observa- 
tions reduced  and  calculated  by  Professor  Encke  gave  an  elliptic 
orbit  with  a  period  a  little  short  of  5  years.  Clausen  conjectures 
that  this  comet  may  be  identical  with  that  of  1743.  It  has  not 
been  seen  since  1820. 

596.  Pons*  oomet  of  1819. — A  comet  was  discovered  by  M. 
Pons  on  the  1 2th  of  June,  1 8 1 9,  which  was  observed  until  the 
19th  of  July.  Professor  Encke  assigned  to  it  an  elliptic  orbit,  with 
a  period  of  5I  years. 

597.  Pirott's  oomet  of  1783.  —  A  comet,  discovered  by 
Mr.  Pigott  at  New  York  in  1783,  was  shown  by  Burckhardt  to 
have  an  elliptic  orbit,  with  a  period  of  5  J  years. 

598.  Peters*  oomet  of  18«6.— On  the  26th  of  Jime,  1846,  a 
comet  was  discovered  at  Naples  by  M.  Peters,  which  was  subse- 
quently observed  at  Rome  by  De  Vico,  and  continued  to  be  seen 
imtil  the  21st  of  July.  An  elliptic  orbit  is  assigned  to  this  comet, 
with  a  period  of  from  1 3  to  1 6  years ;  some  uncertainty  is  attached, 
however,  to  this  determination. 

III.    Elliptic  Comets,  whose   mean  distances   abe  kjcarlt 

EQUAL  to  that  OF  UraNUS. 

599.  Comets  of  lonff  periods  first  recognised  as  periodic. — 

It  might  be  expected,  that  comets  moving  in  elliptic  orbits  of  small 
dimensions,  and  consequently  having  short  periods,  would  hsve 
been  the  first  in  which  the  character  of  periodicity  would  be  dis- 
covered. The  comparative  frequency  of  their  returns  to  those 
positions  near  perihelion,  where  alone  bodies  of  this  class  are 
visible  from  the  earth,  and  the  consequent  possibility  of  verifying 
the  fact  of  periodicity,  by  ascertaining  the  equality  of  the  in- 
tervals between  their  successive  returns  to  the  same  heliocentric 
position,  to  say  nothing  of  the  more  distinctly  elliptic  form  of  the 
arcs  of  their,  orbits  in  which  they  can  be  immediately  observed, 
would  aff(»rd  strong  ground  for  such  an  expectation  ;  nevertheless 
in  this  case,  as  has  happened  in  so  many  others  in  the  progress  of 
physical  knowledge,  the  actual  results  of  observation  and  research 
have  been  directly  contrary  to  such  an  anticipation;  the  most 
remarkable  case  of  a  comet  of  large  orbit,  long  period,  and  rare 
returns,  being  the  first,  and  those  of  small  orbits,  short  periods, 
and  frequent  returns,  the  last  whose  periodicity  has  been  dis- 
covered. 

600.  Vewton's  ooiM^otnres  as  to  tlie  eidstenoo  of  comets 
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of  loar  periods.  —  It  is  evident  that  the  idea  of  the  poRsibie 
existence  of  comets  with  periods  shorter  than  those  of  the  more 
remote  planets,  and  orbits  circumscribed  within  the  limits  of  the 
solar  system,  never  occurred  to  the  mind  either  of  Newton  or  any 
of  his  contemporaries  or  immediate  successors. 

In  the  third  book  of  his  peincipia,  he  calls  comets  a  species  of 
planets,  revolving  in  elliptic  orbits  of  a  very  oval  form.  But  he 
continues,  ''  I  leave  to  be  determined  by  others  the  transverse 
diameters  and  periods,  by  comparing  comets  which  return  after 
long  intervals  of  time  to  the  same  orbits.'' 

It  is  interesting  to  observe  the  avidity  with  which  minds  of  a 
certain  order  snatch  at  such  generalisations,  even  when  but  slenderly 
founded  upon  facts.  These  conjectures  of  Newton  were  soon  after 
adopted  by  Voltaire : "  II  y  a  quelque  apparence,"  says  he,  in  an 
essay  on  comets,  ^'  qu'on  connaitra  un  jour  un  certain  nombre  de 
ces  autres  plandtes  qui,  sous  le  nom  de  com^tes,  toument  conmie 
nous  autour  du  soleil,  mais  il  ne  faut  pas  esp^rer  qu'on  les  connais- 
sent  toutes.'* 

And  again,  elsewhere,  on  the  same  subject :  — 

"  Comfetes,  que  Ton  craint  k  IVgal  da  tonnerre, 
Cessez  dVpouvanter  les  peuples  de  la  terre ; 
Dans  une  ellipse  immense  achevez  voire  cours, 
Kemoiitez,  descendez  pr^  de  Tast*^  des  jours." 

60 1.  Bailey's  researolies.  —  Extraordinary  as  these  conjec- 
tures must  have  appeared  at  the  time,  they  were  soon  strictly 
realised.  Halley  undertook  the  labour  of  examining  the  circum- 
stances attending  aU  the  comets  previously  recorded,  with  a  view 
to  discover  whether  any,  and  which  of  them,  appeared  to  follow 
the  same  path.  He  foimd  that  a  comet  which  had  been  observed 
by  himself,  by  Newton,  and  their  contemporaries  in  1682,  followed 
a  path  while  visible,  which  coincided  so  nearly  with  those  of 
comets  which  had  been  observed  in  1607,  and  in  1531,  as  to 
render  it  extremely  probable,  that  these  objects  were  the  same 
identical  comet,  revolving  in  an  elliptic  orbit  of  such  dimensions, 
as  to  cause  its  return  to  perihelion  at  intervals  of  75— 76  years. 

The  comet  of  1682  had  been  well  obser>-ed  by  La  Hire,  Picard, 
Hevelius,  and  Flamsteed,  whose  observations  supplied  all  the  data 
necessary  to  calculate  its  path  while  visible.  That  of  1 607  had  been 
observed  by  Kepler  and  Longomontanus ;  and  that  of  i  531,  by 
Pierre  Apian  at  Ingolstadt,  the  observations  in  both  cases  being  also 
sufficient  for  the  determination  of  the  path  of  the  body,  with  «dl  the 
accuracy  necessary  for  its  identification. 

602.  Bailey  prediots  its  re-appearance  in  1768-9.— Of  the 
identity  of  the  paths  while  visible  on  each  of  these  appearance^ 
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Hollej  entertained  no  doubt ;  and  announced  to  the  world  the  di»« 
covery  of  the  elliptic  motion  of  comets,  as  the  result  of  combined 
observation  and  calculation,  and  entitled  to  as  much  confidence  as 
any  other  consequence  of  an  established  physical  law ;  and  predicted 
the  re-appearance  of  this  body,  on  its  succeeding  return  to  perihe- 
lion, in  1758-9.  He  observed,  however,  that  as  in  the  interval 
between  1607  and  1682,  the  comet  passed  near  Jupiter,  its  velocity 
must  have  been  augmented,  and  consequently  its  period  shortened  by 
the  action  of  that  planet  This  period,  therefore,  having  been  only 
seventy-five  years,  he  inferred  that  the  following  period  would  pro- 
bably be  seventy-six  years  or  upwards ;  and  consequently  that  the 
comet  ought  not  to  be  expected  to  appear  imtil  the  end  of  1 7  58,  or 
the  beginning  of  1 759.  It  is  impossible  to  imagine  any  quality  of 
mind  more  enviable  than  that  which,  in  the  existing  state  of  mathe- 
matical physics,  could  have  led  to  such  a  prediction.  The  imperfect 
state  of  science  rendered  it  impossible  for  Halley  to  oflfer  to  the 
world  a  demonstration  of  the  event  which  he  foretold.  **He  there- 
fore," says  M.  de  Pontdcoulant,  "  could  only  annoimce  these  feli- 
citous conceptions  of  a  sagacious  mind  as  mere  intuitive  perceptions, 
which  must  be  received  as  uncertain  by  the  world,  however  he 
might  have  felt  them  himself,  until  they  could  be  verified- by  the 
pi-ocess  of  a  rigorous  analysis." 

Subsequent  researches  gave  increased  force  to  Halley's  prediction ; 
for  it  appeared  from  the  ancient  records  of  observers,  that  comets 
had  been  seen  in  1456*  and  1378,  whose  elements  were  identical 
with  those  of  the  comet  of  1682. 

•  The  appearance  of  this  comet  in  1456,  was  described  by  contemporary 
authorities  to  have  been  an  object  of  **unhearU-of  magnitude;"  it  was 
accompanied  by  a  tail  of  extraordinary  length,  which  extended  over  sixty 
degrees,  (a  ttiird  of  the  heavens,)  and  continued  to  be  seen  during  the  whole 
of  the  month  of  June.  The  influence  which  was  attributed  to  this  appear- 
ance, renders  it  probable  that  in  the  record  there  exists  more  or  less  of 
exaggeration.  It  was  considered  as  the  celestial  indication  of  the  rapid  suc- 
cess of  Mahommed  II.,  who  had  taken  Constantinople,  and  struck  terror 
into  the  whole  Christian  world.  Pope  Calixtus  II.  levelled  the  thunders  of 
the  Church  against  the  enemies  of  bis  faith,  terrestrial  and  celei^tlal,  and  in 
the  same  bull  exorcised  the  Turks  and  the  comet ;  and  in  order  that  the 
memory  of  this  manifestation  of  his  power  should  be  for  ever  preserved,  he 
ordained  that  the  bells  of  all  the  churches  should  be  rung  at  midday,  —  a 
custom  which  is  preserved  in  those  countries  to  our  times.  It  must  be 
admitted  that,  notwithstanding  the  terrors  of  the  Church,  the  comet  pursued 
its  course  with  as  much  ease  and  security  as  those  with  which  Mahommed 
converted  the  church  of  St  Sophia  into  his  principal  mosque. 

The  extraonlinary  length  and  brilliancy  which  was  ascribed  to  the  tail 
upon  this  occasion,  have  led  astronomers  to  investigate  the  circumstances 
under  which  its  brightness  and  magnitude  would  be  the  greatest  possible ; 
and,  open  tradng  back  the  motion  of  the  comet  to  the  year  1456,  it  hat 
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603.  Oreatadvanee  of  matbematical  and  pliyslcal  scienees 
between  1682  and  1769. — In  the  intenral  of  three  quarters  of  a 
century  which  elapsed  between  the  announcement  of  Halley^s  pre- 
diction and  the  date  of  its  expected  fulfilment,  great  advances  were 
made  in  mathematical  science ;  new  and  improved  methods  of  in- 
vestigation and  calculation  were  invented ;  and,  in  fine,  the  theory 
of  gravitation  was  pursued  with  extraordinaiy  activity  and  success 
through  its  consequences  in  the  mutual  disturbances  produced  upon 
the  motions  of  the  planets  and  satellites,  by  the  attraction  of  their 
masses  one  upon  another.  As  the  epoch  of  the  expected  return  of 
the  comet  to  its  perihelion  approached,  therefore,  the  scientific  world 
resolved  to  divest,  as  far  as  possible,  the  prediction,  of  that  vague- 
ness which  necessarily  attended  it  owing  to  the  imperfect  state  of 
science  at  the  time  it  was  made,  and  to  calculate  the  exact  efiiects 
of  those  planets  whose  masses  were  sufficiently  great,  in  accelerating 
or  retarding  its  motion  while  passing  near  them. 

604.  Bxact  patli  of  tlie  oomet  on  its  retnm«  and  time  of 
its  perilielion  calculated  and  predicted  by  Clairant  and 
&alande.  —  This  inquiry,  which  presented  great  mathematical 
difficulties  and  involved  enormous  arithmetical  labour,  was  under- 
taken by  Clairaut  and  Lalande :  the  former,  a  mathematician  and 
natural  philosopher,  who  had  already  applied  with  great  success 
the  principles  of  gra\dtation  to  the  motions  of  the  moon,  undertook 
the  purely  analytical  part  of  the  investigation,  which  consisted  in 
establishing  certain  general  algebraical  formulae,  by  which  the 
disturbing  actions  exerted  by  the  planets  on  the  comet  were  ex- 
pressed J  and  Lalande,  an  eminent  practical  astronomer,  undertook 
the  labour  of  the  arithmetical  computations,  in  which  he  was 
assisted  by  a  lady,  Madame  Lepaute,  whose  name  has  thus  become 
celebrated  in  the  annals  of  science. 

These  elaborate  calculations  being  completed,  Clairaut  pre- 
sented the  result  of  their  joint  labours,  in  a  memoir  to  the  Academy 
of  Sciences  of  Paris*,  in  which  he  predicted  the  next  arrival  of 

been  found  that  it  was  then  actually  under  the  circumstances  of  position 
with  resfiect  to  the  earth  and  sun  most  favourable  to  magnitude  and  splendour. 
So  far,  therefore,  the  results  of  astronomical  calculation  corroborate  the 
records  of  history. 

•  When  it  is  considered  that  the  period  of  Halley's  comet  is  about 
seventy-tive  years,  and  that  every  portion  of  its  course,  for  two  successive 
periods,  was  necessary  to  be  calculated  separately  in  this  way,  some  notion 
may  be  formed  of  the  labour  encountered  by  Lalande  and  Madame  Lepaute. 
"  During  six  months,"  says  Lalanda,  **  we  calculated  from  morning  till  night, 
sometimes  even  at  meals;  the  consequence  of  which  was,  that  1  contracted 
an  illness  which  changed  my  constitution  for  the  remainder  of  my  life.  The 
assistance  rendered  by  Madame  Lepaute  was  such,  that  without  her  we 
never  could  have  dared  to  undertake  this  enormous  labour,  in  which  it  wat 
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of  the  planet  in  approaching  the  sun,  will  make  acute  angles  with 
the  direction  of  the  comet^s  motion ;  and  that,  consequently  the 
comet  will  be  accelerated  by  the  action  of  the  planet  In  like 
manner,  it  is  apparent  that  lines  drawn  from  the  planet,  whatever 
be  its  place,  to  any  point  whatever  of  the  comet's  path  between 
m  and  aphelion  a,  will  make  obtuse  angles  with  the  direction 
of  the  comet's  motion ;  and,  consequently,  the  comet  will  be  re- 
tarded by  the  action  of  the  planet,  in  departing  from  the  sun,  from 
m  to  A. 

In  that  pai*t  of  the  comet's  path  which  lies  within  the  planet's 
orbit,  the  action  of  the  planet  alternately  accelerates  and  retards 
it,  according  to  their  relative  position.  If  the  planet  be  at  p, 
suppose  p  0  drawn  so  as  to  be  at  right  angles  to  the  path  of  the 
comet.  Between  m'  and  o  the  action  of  the  planet  at  p  will  accele- 
rate the  comet,  and  after  the  comet  passes  o  it  will  retard  it.  In 
like  manner  if  the  planet  be  at  />'',  it  will  first  retard  the  motion  of 
the  comet  proceeding  from  m'  towards  a,  and  will  continue  to  do 
so  until  the  line  of  direction  becomes  perpendicular  to  that  of  the 
comet's  motion,  after  which  it  will  accelerate  it. 

It  appears,  therefore,  that  during  the  period  of  the  comet  the 
disturbing  action  of  the  planet  is  subject  to  several  changes  of 
direction,  owing  partly  to  the  change  of  position  of  the  comet  and 
partly  to  that  of  the  planet ;  and  the  total  effect  of  the  disturbing 
action  of  the  planet  on  the  comet's  period  is  found  by  taking  the 
difference  between  the  total  amount  of  all  the  accelerating  and  all 
the  retarding  acticms.  . 

In  the  case  of  the  planet  Jupiter  and  Halley's  comet,  the  former 
makes  nearly  seven  complete  revolutions  in  a  single  period  of 
the  comet;  and  consequently  its  disturbing  action  is  not  only 
subject  to  several  changes  of  direction,  but  also  to  continual 
variation  of  intensity,  owing  to  its  change  of  distance  from  the 
comet. 

Small  as  the  arc  m'  P  m  of  the  comet's  path  is  which  is  included 
within  the  orbit  of  Jupiter,  the  fraction  of  the  period  in  which  this 
arc  is  traversed  by  the  comet  is  much  smaller,  as  will  be  apparent 
by  considering  the  application  of  the  principle  of  equable  areas  to 
this  case.  The  time  taken  by  the  comet  to  move  over  the  arc  m'pm 
is  in  the  same  proportion  to  its  entire  period,  as  the  area  included 
between  the  arc  m'  p  f?«  and  the  lines  m'  s  and  m  s  is  U)  the  entire 
area  of  the  ellipse  a  p. 

To  simplify  the  explanation,  the  orbit  of  the  comet  has  here  been 
supposed  to  be  in  the  plane  of  that  of  the  disturbing  planet.  If  it 
be  not,  the  disturbing  action  will  have  another  component  at  right 
angles  to  the  plane  of  the  comet's  orbit,  the  effect  of  which  will  be 
A  tendency  to  vaiy  the  inclination. 
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608.  BffBOt  Of  Uie  pertnrbinr  aotton  of  Japlter  and  Batnni 
on  Bailey's  comet  between  1682  and  1758. — The  result  of  the 
invefitigation  by  Clairaut  showed  that  the  total  effect  of  the  dis- ' 
turblDg  action  of  Jupiter  and  Saturn  on  Halley's  comet  between 
its  peiihelions  in  1682  and  in  1759,  was  to  increase  its  period  by 
618  days  as  compared  with  the  time  of  its  preceding  revolution, 
of  which  increase,  100  day^  were  due  to  the  action  of  Saturn^  and 
5 1 8  to  that  of  Jupiter. 

Clairaut  did  not  take  into  account  the  disturbing  action  of  the 
oarth,  which  was  not  altogether  inconsiderable,  and  could  not  allow 
for  those  of  the  undiscovered  planets  Uranus  and  Neptune.  The 
effects  of  the  action  of  the  other  planets,  Mars,  Venus,  Mercury, 
and  the  planetoids,  are  in  these  cases  insignificant 

609.  Calonlatlone  of  Its  retain  in  1835-6.  —  In  the  interval 
of  three-quarters  of  a  century  which  preceded  the  next  re-appear- 
ance of  this  comet,  science  continued  to  progress,  and  instnunents 
of  observation  and  principles  and  methods  of  investigation  were' 
still  further  improved ;  and,  above  all,  the  number  of  observers  was 
greatly  augmented.  Before  the  epoch  of  its  return  in  1835,  its 
motions,  and  the  effects  produced  upon  them  by  the  disturbing 
action  of  the  several  planets,  were  computed  by  MM.  Damoiseau, 
Pont^coulant,  Rosenberger,  and  Lehmann,  who  severally  predicted 
its  arrival  at  perihelion :  — 

Damoiieaii  -  -  -  •4th  Not.  1835 

Pont^couUnt  ....      7th         „ 

Rosenberger  -  -  -  -    iiih         „ 

Lehmaun  ....    xfich         «, 

610.  Predictlone  tallllled.  —  These  predictions  were  all  pub- 
lished before  July,  1835.  Th®  comet  was  seen  at  Rome  on  the  5  th  of 
August,  in  a  position  within  one  degree  of  the  place  assigned  to  it  for 
that  day  in  the  ephemeris  of  M.  Rosenberger.  On  the  20th  of  August 
it  became  visible  to  all  observers,  and  pursued  the  course  with  very 
little  deviation  which  had  been  assigned  to  it  in  the  ephemerides, 
arriving  at  its  perihelion  on  the  i6th  of  November,  being  very 
nearly  a  mean  between  the  four  epochs  assigned  in  the  predictions. 

After  this,  passing  south  of  the  equator,  it  was  not  visible  in 
northern  latitudes,  but  continued  to  be  seen  in  the  southern  hemi- 
sphere until  the  5th  of  May,  1836,  when  it  finally  disappeared,  not 
again  to  return  until  the  year  191 1. 

It  appears  that  the  mean  distance  of  this  comet  is  about  eighteen 
times  that  of  the  earth,  and  that  it  is  consequently  a  little  less  than 
the  mean  distance  of  Uranus.  When  in  perihelion,  its  distance 
from  the  sun  is  about  half  the  earth's  distance,  while  its  distance 
in  aphelion  is  above  thirty-five  times  the  earth's  distance,  and 
therefore  seventy  times  its  perihelion  distance. 
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61 1.  Pons*  eomet  of  Ittia. — On  the  20th  of  Julj;  1812,  a 
comet  was  discovered  by  M.  Pons,  whose  orbit  was  calculated  by 
Professor  Encke,  and  was  found  to  be  an  ellipse  of  such  dimensions 
us  to  give  a  period  of  75  J  years,  equal  to  that  of  Halley*8  comet. 

612.  Olben'  comet  of  1815.  —  On  the  6th  of  March,  1815, 
Dr.  Olbers  discovered  at  Bremen  a  comet  whose  orbit,  calculated 
by  Professor  Bessel,  proved  to  be  an  ellipse,  with  a  period  of  74 
years.  The  next  perihelion  passage  of  this  comet  is  predicted  for 
the  9th  of  Februaiy,  1887. 

613.  Be  Vioo's  comet  of  1846. — On  the  28th  of  Febniaiyy 
1 846,  M.  de  Vieo  discovered  a  comet  at  Rome,  whose  orbit  appears 
to  be  an  ellipse,  with  a  period  of  72-73  years. 

614.  Bronan's  comet  of  1847. — A  comet  was  discovered  by 
M.  Brorsen  at  Altona,  on  the  20th  of  July,  1 847  ;  the  orbit  of  which 
appears  to  be  an  ellipse,  with  a  period  of  about  75  years. 

615.  UTeetplua'e  comet  of  1852. — A  comet  was  discovered 
at  Gottingen,  by  M.  Westphal,  on  the  27th  of  Jime,  1852.  Its  orbit 
also  appears  to  be  an  ellipse,  with  a  period  of  about  70  years. 

616.  Comets  witb  orbits  of  rreat  ezcentricitjr,  4tc. — With 
regard  to  comets  having  elliptic  orbits  of  great  excentricity,  as  well 
as  those  whose  orbits  are  parabolic  or  hvperbolic,  it  is  unnecessary 
to  enter  into  any  detail.  Even  comets  whose  orbits  have  been 
found  to  be  elliptical,  have  periods  amounting  in  several  cases  to 
many  thousands  of  years,  whereas  those  whose  orbits  are  parabolic 
or  hyperbolic  have  appeared  amongst  us  for  a  short  time,  then 
leaving  our  skies  never,  most  probably,  to  return.  Some  of  these 
comets  have,  however,  in  their  time  created  considerable  interest 
by  their  magnitude  and  brilliancy.  As  an  example,  all  can  recollect 
the  magnificent  appearance  in  the  heavens  of  Donati^s  comet  in  the 
autumn  of  1858,  yet  a  period  of  upwards  of  two  thousand  yean 
must  elapse  before  it  can  again  be  visible  to  the  inhabitants  of  the 
earth.  Astronomically  speaking,  these  splendid  comets  which 
cause  such  universal  interest  at  the  time  of  their  visibility,  sink  into 
insignificance,  on  account  of  their  uncertain  period,  in  comparison 
with  the  faint  comets  of  short  period,  such  as  Encke*s,  Biela^s, 
Faye's,  and  others,  the  orbits  of  which  are  known  with  nearly  the 
same  accuracy  as  those  of  the  separate  planets  of  the  solar  system. 

We  have  not  space  to  give  a  catalogue  of  all  the  comets  which 
may  be  classed  under  this  section,  but  if  the  reader  be  desirous  of 
entering  more  fully  into  the  knowledge  of  the  existence  and  motions 
of  these  wandering  bodies,  reference  can  be  made  to  the  work  on 
comets  by  Mr.  Hind,  who  has  devoted  so  much  attention  to  the 
subject  of  cometary  astronomy.  Mr.  Hind  has  given  a  catalogue 
of  the  orbits  of  all  the  comets  hitherto  computed,  together  with 
explanatory  notes  giving  considerable  information. 
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IV.  Phtsigal  Conshttjtiok  op  Cohets. 

617*  Apparent  finrm— Bead  and  TalL — Comets  in  general, 
and  more  especially  those  which  are  visible  without  a  telescope, 
present  the  appearance  of  a  roundish  mass  of  illuminated  vapour  or 
nebulous  matter,  to  which  is  often,  though  not  always,  attached  a 
train  more  or  less  extensive,  composed  of  matter  having  a  like  ap- 
pearance. The  former  is  called  the  head,  and  the  latter  the  tail 
of  the  comet 

618.  Vnoleus. — The  illumination  of  the  head  is  not  generally 
uniform.  Sometimes  a  bright  central  spot  is  seen  in  the  nebulous 
matter  which  forms  it.    This  is  called  the  nucleus. 

The  nucleus  sometimes  appears  as  a  bright  stellar  point,  and 
sometimes  presents  the  appearance  of  a  planetary  disk  seen  through 
a  nebulous  haze.  In  general,  however,  on  examining  the  object 
with  high  optical  power,  these  appearances  are  changed,  and  the 
object  seems  to  be  a  mere  mass  of  illimiinated  vapour  from  its 
borders  to  its  centre. 

6 1 9.  Coma. — When  a  nucleus  is  apparent,  or  supposed  to  be  so, 
the  nebulous  haze  which  surrounds  it  and  forms  the  exterior  part  of 
the  head  is  called  the  coma, 

620.  OrifflB  of  tlia  name. — These  designations  are  taken 
from  the  Greek  word  KOfxii  (kom^),  hair,  the  nebulous  matter 
composing  the  coma  and  tail  being  supposed  to  resemble  hair, 
and  the  object  being  therefore  called  Kofiiirris  (kometes),  a  haiiy 
star. 

621.  Maffnitnde  of  the  bead. — As  the  brightness  of  the  coma 
gradually  fades  away  towards  the  edges,  it  is  impossible  to  deter- 
mine with  any  great  degree  of  precision  its  real  dimensions.  These, 
however,  are  obviously  subject  to  enormous  variation,  not  only  in 
different  comets  compared  one  with  another,  but  even  in  the  same 
comet  during  the  interval  of  a  single  perihelion  passage.  The  great- 
est of  those  which  have  been  submitted  to  micrometrical  measure- 
ment was  the  great  comet  of  181 1,  the  diameter  of  the  head  of 
which  was  found  to  be  not  less  than  i|  millions  of  miles,  which 
would  give  a  volume  greater  than  that  of  the  eim  in  the  ratio  of 
about  2  to  1.  The  diameter  of  the  head  of  Halley's  comet  when 
departing  from  the  sun,  in  1836,  at  one  time  measured  357;OCX> 
miles,  giving  a  volume  more  than  sixty  times  that  of  Jupiter.  These 
are,  however,  the  greatest  dimensions  which  have  been  observed  in 
this  class  of  objects,  the  diameter  rarely  exceeding  200,000  miles, 
and  being  generally  less  than  1 00,000. 

622.  Marnltnda  of  tba  nuoleos. — Attempts  have  beenmade^ 
where  nuclei  were  perceivable,  to  estimate  their  magnitude,  and 
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diameters  have  been  assigned  to  them^  yaiying  from  i  oo  to  5000 
miles.  For  the  reasons,  however,  already  explained,  these  results 
must  be  regarded  as  very  doubtful 

Those  who  deny  the  existence  of  solid  matter  within  the  coma, 
maintain  that  even  the  most  brilliant  and  conspicuous  of  those 
bodies,  and  those  which  have  presented  the  strongest  resemblance 
to  planets,  are  more  or  less  transparent  It  might  be  supposed 
that  a  fact  so  simple  as  this,  in  this  age  of  astronomical  activity, 
could  not  remain  doubtful;  but  it  must  be  considered  that  the 
combination  of  circumstances  which  alone  would  test  such  a 
question,  is  of  rare  occurrence.  It  would  be  necessary  that  the 
centre  of  the  head  of  the  comet,  although  very  small,  should  pass 
critically  over  a  star,  in  order  to  ascertain  whether  such  star  is 
visible  through  it.  With  comets  having  extensive  comee  without 
nuclei,  this  has  sometimes  occurred ;  but  we  have  not  had  such 
satisfactory  examples  in  the  more  rare  instances  of  those  which 
have  distinct  nuclei. 

In  the  absence  of  a  more  decisive  test  of  the  occultation  of  a 
star  by  the  nucleus,  it  has  been  maintained  that  the  existencA 
of  a  solid  nucleus  may  be  fairly  inferred  from  the  great  splen* 
dour  which  has  attended  the  appearance  of  some  comets.  A 
mere  mass  of  vapour  could  not,  it  is  contended,  reflect  such 
brilliant  light.  The  following  ai*e  the  examples  adduced  -by 
Arago:  — 

la  the  year  43  before  Christ,  a  comet  appeared  which  vras  said  to  be 
visible  to  the  naked  eye  by  daylight.  It  was  the  comet  which  the  Romans 
considered  to  be  the  soul  of  Caesar  transferred  to  the  heavens  after  his 
assassination. 

In  the  year  1402  two  remarkable  comets  were  recorded.  The  first  was  ao 
brilliant  that  the  light  of  the  sun  at  noon,  at  the  end  of  March,  did  not 
prevent  its  nucleus,  or  even  its  tail,  from  being  seen.  The  i»econd  appeared 
in  the  month  of  June,  and  was  visible  also  for  a  considerable  time  before 
sunset. 

In  the  year  1532  the  people  of  Milan  were  alarmed  by  the  appearance  of 
a  star  which  was  visible  in  the  broad  daylight.  At  that  time  Venus  was 
not  in  a  position  to  be  visible,  aiid  consequently  it  is  inferred  that  this  star 
must  have  been  a  comet 

The  comet  of  1577  was  discovered  on  the  13th  of  November  by  Tycho 
Brahe,  from  his  observatory  on  the  isle  of  Huene,  in  the  Sound,  before  sunseL 

On  the  1st  of  February,  1744,  Chireaux  observed  a  comet  more  brilliant 
than  the  brightest  star  in  the  heavens,  which  soon  became  equal  in  splendour 
to  Jupiter,  and  in  the  beginning  of  March  it  was  visible  in  the  presence  of 
the  sun.  By  selecting  a  proper  position  for  observation,  on  the  ist  of  March 
it  was  seen  at  one  o'clock  in  the  afternoon  without  a  telescope. 

Such  is  the  amount  of  e^ddence  which  observation  has  supplied 
respecting  the  existence  of  a  solid  nucleus.  The  most  that  can 
be  said  of  it  is,  that  it  presents  a  plausible  argument,  giving  some 
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probability,  bat  no  positiye  certainty,  that  comets  Lave  visited 
our  system  which  have  solid  nuclei ;  but,  meanwhile,  this  can  only 
be  maintained  with  respect  to  few :  most  of  those  which  have  been 
seen,  and  all  to  which  very  accurate  observations  have  been  directed, 
have  afforded  evidence  of  being  mere  masses  of  semi-transparent 
matter. 

623.  Tlie  tail. — Although  by  far  the  greater  majority  of  comets 
are  not  attended  by  tails,  yet  that  appendage,  in  the  popular  mind, 
is  more  inseparable  from  the  idea  of  a  comet  than  any  other  attribute 
of  these  bodies.  This  proceeds  from  its  singular  and  striking  ap- 
pearance, and  from  the  fact  that  most  comets  visible  to  the  naked 
eye  have  had  tails.  In  the  year  1 53 1 ,  on  the  occasion  of  one  of  the 
visits  of  Halley's  comec  to  the  solar  system,  Pierre  Apian  observed 
that  the  comet  generally  presented  its  tail  in  the  direction  opposite 
to  that  of  the  sun.  This  principle  was  hastily  generalised,  ajid  is 
even  at  present  too  generally  adopted.  It  is  true  that  in  most  cases 
the  tail  extends  itself  from  that  part  of  the  comet  which  is  most 
remote  from  the  sun ;  but  its  direction  rarely  corresponds  with  the 
direction  which  the  shadow  of  the  comet  would  take.  Sometimes 
it  has  happened  that  the  tail  forms  with  a  line  drawn  to  the  sun  a 
considerable  angle,  and  cases  have  occurred  when  it  was  actually  at 
right  angles  to  it. 

Another  character  which  has  been  observed  to  attach  to  the  tails 
of  comets,  which,  however,  is  not  invariable,  is,  that  they  incline 
constantly  toward  the  region  last  quitted  by  the  comet,  as  if  in  its 
progress  through  space  it  were  subject  to  the  action  of  some  re- 
sisting medium,  so  that  the  nebidous  matter  with  which  it  is 
invested,  suffering  more  resistance  than  the  solid  nucleus,  remains 
behind  it  and  forms  the  tail. 

The  tail  sometimes  appears  to  have  a  curved  form.  That  of  the 
comet  of  1 744  formed  almost  a  quadrant.  It  is  supposed  that  the 
convexity  of  the  curve,  if  it  exists,  is  turned  in  the  direction  from 
which  the  comet  moves.  It  is  proper  to  state,  however,  that 
these  circumstances  regarding  the  tail  have  not  been  clearly  and 
satisfactorily  ascertained. 

The  tails  of  comets  are  not  of  uniform  breadth  or  diameter ; 
they  appear  to  diverge  from  the  comet,  enlarging  in  breadth  and 
diminishing  in  brightness  as  their  distance  from  the  comet  in- 
creases. ITie  middle  of  the  tail  usually  presents  a  dark  stripe, 
which  divides  it  longitudinally  into  two  distinct  parts.  It  was 
long  supposed  that  this  dark  stripe  was  the  shadow  of  the  body  of 
the  comet,  and  this  explanation  might  be  accepted  if  the  tail  was 
always  turned  from  the  sun  j  but  we  find  the  dark  stripe  equally 
exists  when  the  tail,  being  turned  sideward,  is  exposed  to  the  effect 
of  the  sun's  light 
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This  appearance  is  usually  explained  by  the  supposition  tiiat 
the  tail  is  a  hollow^  conical  shell  of  vapour,  the  external  surface  of 
which  possesses  a  certain  thickness.  When  we  view  it,  we  look 
through  a  considerable  thickness  of  vapour  at  the  edges,  and  through 
a  comparatively  small  quantity  at  the  middle.  Thus,  upon  the 
supposition  of  a  hollow  cone,  the  greatest  brightness  would  appear 
at  the  sides,  and  the  existence  of  a  dark  space  in  the  middle  would 
be  perfectly  accounted  for. 

The  tails  of  comets  are  not  always  single ;  some  have  appeared 
at  different  times  with  several  separate  tails.  The  comet  of  1 744, 
which  appeared  on  the  7th  or  8th  of  March,  had  six  tails,  eadi 
about  4°  in  breadth,  and  of  considerable  length.  Their  sides  were 
well  defined  and  tolerably  bright,  and  the  spaces  between  them 
were  as  dark  as  the  other  parts  of  the  heavens. 

The  tails  of  comets  have  frequently  appeared,  not  only  of  im- 
mense real  length,  but  extending  over  considerable  spaces  of  the 
heavens.  It  will  be  easily  understood  that  the  apparent  length 
depends  conjointly  upon  the  real  length  of  the  tail,  and  the  position 
in  which  it  is  presented  to  the  eye.  If  the  line  of  vision  be  at 
right  angles  to  it,  its  length  will  appear  as  great  as  it  can  do  at  its 
existing  distance;  if  it  be  oblique  to  the  eye,  it  will  be  fore- 
shortened, more  or  less,  according  to  the  angle  of  obliquity.  The 
real  length  of  the  tail  is  easily  calculated  when  the  apparent  length 
is  observed  and  the  angle  of  obliquity  known. 

In  respect  of  magnitude,  the  tails  are  imquestionably  the  most 
stupendous  objects  which  the  discoveries  of  the  astronomer  have 
ever  pi*escnted  to  human  contemplation. 

The  following  are  the  results  of  the  observation  and  measure- 
ment of  a  few  of  the  more  remarkable :  — 


GreatMt  ob^rvcd  Length  of  T«iU 

miles. 

1847 

5  000.000 

19000.000 

1769 

40,000.000 

1858 

45.000,000 

I6I8 

50.000.000 

1680 

100,000,000 

I8II 

100  000  000 

I8II 

I  JO,O0O,O0O 

1845 

zoo  ,000 ,000 

The  magnitude  of  these  prodigious  appendages  is  even  less 
amazing  than  the  brief  period  in  which  they  sometimes  emanate 
from  the  head.  The  tail  of  the  comet  of  1 843,  long  enough  to 
stretch  from  the  sun  to  the  planetoids,  was  formed  in  less  than 
twenty  days. 
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624.  MaM,  TohunetMid  density  of  eometo. —  The  maflseB  of 
comets,  like  those  of  the  planets,  would  be  ascertdned  if  the  re- 
ciprocal effects  of  their  gravitation,  and  those  of  any  known  bodies 
in  the  system,  could  be  observed.  But  although  the  disturbing 
action  of  the  planets  on  these  bodies  is  conspicuous,  and  its  effects 
have  been  calculated  and  observed,  not  the  slightest  effect  of  the 
same  kind  has  ever  been  ascertained  to  be  produced  by  them, 
even  upon  the  smallest  bodies  in  the  system,  and  those  to  which 
comets  have  approached  most  nearly. 

Notwithstanding  the  enormous  number  of  comets,  observed  and 
unobserved,  which  cons^tly  traverse  the  solar  system  in  all  con- 
ceivable directions ;  notwithstanding  the  permanent  revolution  of 
the  periodic  comets,  whose  presence  and  orbits  have  been  ascer- 
tained ;  notwithstanding  the  frequent  visits  of  comets,  which  so 
thoroughly  penetrate  the  system  as  almost  to  touch  the  surface  of 
the  sun  at  their  perihelion,  the  motions  of  the  various  bodies  of 
the  system,  great  and  small,  planets  major  and  minor,  planetoids 
and  satellites,  go  on  precisely  as  if  no  such  bodies  as  the  comets 
approached  their  neighbourhood.  Not  the  smallest  effects  of  the 
attraction  of  such  visitors  are  discoverable. 

Now  since,  on  the  other  hand,  the  disturbing  effects  of  the 
planets  upon  the  comets  are  strikingly  manifest,  and  since  the 
comets  move  in  elliptic,  parabolic,  or  h3rperbolic  orbits,  of  which 
the  sun  is  the  common  focus,  it  is  demonstrated  that  these  bodies 
are  composed  of  ponderable  matter,  which  is  subject  to  all  the 
consequences  of  the  law  of  gravitation.  It  cannot,  therefore,  be 
doubted  that  the  comets  do  produce  a  disturbing  action  on  the 
planets,  although  its  effects  are  inappreciable  even  by  the  most 
exact  observation.  Since,  then,  the  disturbances  mutually  pro- 
duced are  in  the  proportion  of  the  disturbing  masses,  it  follows 
that  the  masses  of  the  comets  must  be  smaller  beyond  all  calcula- 
tion than  the  masses  even  of  the  smallest  bodies  among  the  planets 
primary  or  secondary. 

The  volumes  of  comets  in  general  exceed  those  of  the  planets 
in  a  proportion  nearly  as  great  as  that  by  which  the  masses  of  the 
planets  exceed  those  of  the  comets.  The  consequence  obviously 
resulting  from  this  is,  that  the  density  of  comets  is  incalculabl} 
small. 

Their  densities  in  general  are  probably  thousands  of  times  less 
than  that  of  the  atmosphere  in  the  stratum  next  the  surface  of  the 
Earth. 

625.  l»iglkt  of  comets. — That  planets  are  not  self-luminous, 
but  receive  their  light  from  the  sun,  is  proved  by  their  phases, 
and  by  the  shadows  of  their  satellites,  which  are  projected  upon 
them  when  the  latter  are  interposed  between  them  and  the  smu 
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These  tests  are  inapplicable  to  comets.  They  exhibit  no  phapes, 
and  are  attended  by  no  bodies  to  intercept  the  sun's  light.  But, 
imless  it  could  be  shown  that  a  comet  is  a  solid  mass,  impene- 
trable to  the  solar  rays,  the  non-existence  of  phases  is  not  a  proof 
that  the  body  does  not  receive  its  light  from  the  sun. 

A  mere  mass  of  cloud  or  vapour,  though  not  self-luminous,  but 
rendered  visible  by  borrowed  light,  would  still  exhibit  no  effect  of 
this  kind :  its  imperfect  opacity  would  allow  the  solar  light  to 
affect  its  constituent  parts  throughout  its  entire  depth  —  so  that^ 
like  a  thin  fleecy  cloud,  it  would  appear  not  supei^cially  illumi- 
nated, but  receiving  and  reflecting  light  through  all  its  dimensions. 
With  respect  to  comets,  therefore,  the  doubt  which  has  existed  is, 
whether  the  light  which  proceeds  from  them,  and  by  which  they 
become  visible,  is  a  light  of  their  own,  or  is  the  light  of  the  sun 
shining  upon  them,  and  reflected  to  our  eyes  like  light  from  a  cloud. 
Among  several  tests  which  have  been  proposed  to  decide  this 
question,  one  suggested  by  Arago  merits  attention. 

It  has  been  already  shown  (0.  364  €<  seq.)  that  the  apparent 
brightness  of  a  visible  object  is  the  same  at  all  distances,  sup- 
posing its  real  brightness  to  remain  unchanged.  Now  if  comets 
shone  with  their  proper  light,  and  not  by  light  received  from  the 
sun,  their  apparent  brightness  would  not  decrease  as  they  would 
recede  from  the  sun,  and  they  would  cease  to  be  visible,  not 
because  of  the  faintness  of  their  light,  but  because  of  the  small- 
ness  of  their  apparent  magnitude.  Now  the  contrary  is  foimd  to 
be  the  case.  As  the  comet  retires  from  th^  sun  its  apparent  bright- 
ness rapidly  decreases,  and  it  ceases  to  be  visible  from  the  mere 
faintness  of  its  light,  while  it  still  subtends  a  considerable  visual 
angle. 

626.  Snlarffement  of  ntarnitnde  on  dapartiiiff  from  tlie 
sun.  —  It  will  doubtless  excite  surprise,  that  the  dimensions  of  a 
comet  should  be  enlarged  as  it  recedes  from  the  source  of  heat.  It 
has  been  often  observed  in  astronomical  inquiries,  that  the  effects, 
which  at  first  view  seem  most  improbable,  are  nevertheless  those 
which  frequently  prove  to  be  true ;  and  so  it  is  in  this  case.  It 
was  long  believed  that  comets  enlarged  as  they  approached  the 
sun ;  and  this  supposed  effect  was  naturally  and  probably  ascribed 
to  the  heat  of  the  sun  expanding  their  dimensions.  But  more 
recent  and  exact  observations  have  shown  the  very  reverse  to  be 
the  fact.  Comets  increase  their  apparent  volume  as  they  recede 
from  the  sun ;  and  this  is  a  law  to  which  there  appears  to  be  no 
well-ascertained  exception.  This  singular  and  unexpected  pheno- 
menon has  been  attempted  to  be  accounted  for  in  several  ways. 
Valz  ascribed  it  to  the  pressure  of  the  solar  atmosphere  acting  upon 
the  comet;  that  atmosphere  being  more  dense  near  the  sun,  com- 
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presses  the  comet  and  diminishes  its  dimensions ;  and,  at  a  greater 
distance,  being  relieved  from  this  coercion,  the  body  swells  to  its 
natural  bulk.  A  very  ingenious  train  of  reasoning  was  produced  in 
support  of  this  theory.  The  density  of  the  solar  atmosphere  and 
the  elasticity  of  the  comet,  being  assumed  to  be  such  as  they  might 
naturally  be  supposed,  the  variations  of  the  comet's  bulk  ai*e  de- 
duced by  strict  reasoning,  and  show  a  surprising  coincidence  with 
the  observed  change  in  the  dimensions.  But  this  hypothesis  is 
tainted  by  a  fatal  error.  It  proceeds  upon  the  supposition  that  the 
comet,  on  the  one  hand,  is  formed  of  an  elastic  gas  or  vapour;  and, 
on  the  other,  that  it  is  impervious  to  the  solar  atmosphero  through 
which  it  moves.  To  establish  the  theory,  it  would  be  necessary 
to  suppose  that  the  elastic  fluid  composing  the  comet  should  be 
surrounded  by  a  n(^fpe  or  envelope  as  elastic  as  the  fluid  composing 
the  comet,  and  yet  wholly  impenetrable  by  the  solar  atmosphero. 

After  several  ingenious  hypotheses  *  having  been  proposed  and 
successively  rejected  for  explaining  this  phenomenon,  it  seems  now 
agreed  to  ascrifie  it  to  the  action  of  the  varying  temperature  to 
which  the  vapour  which  composes  the  nebulous  envelope  is  exposed. 
As  the  comet  approaches  the  sun,  this  vapour  is  converted  by 
intense  heat  into  a  pure,  transparent,  and  therefore  invisible  elastic 
fluid.  As  it  recedes  from  the  sim,  the  temperature  decreasing,  it  is 
partially  and  gradually  condensed,  and  assumes  the  form  of  a  semi- 
transparent  visible  cloud,  as  steam  does  escaping  from  the  valve  of 
a  steam  boiler.  It  becomes  more  and  more  voluminous  as  the 
distance  from  the  source  of  heat,  and  therefore  the  extent  of  con- 
densation, is  augmented. 

627.  Professor  8tmva*s  drawings  of  Sneka's  comet. — 
Professor  Struve  made  a  series  of  observations  on  the  comet  of 
Encke,  at  the  period  of  its  reappearance  in  1828,  and  by  the  aid  of 
the  great  Dorpat  telescope,  made  the  drawings  given  in  Plate 
XXm.^«.  I  and  2. 

Fig.  I ,  represents  the  comet  as  it  appeared  on  the  7th  of  November, 
the  diameters  a  b  and  c  d  measuring  each  18'.  The  brightest  part 
of  the  comet  extended  from  a  to  r,  and  was  consequently  excentric 
to  it,  the  distance  of  the  centre  of  brightness  from  the  centre  of 
magnitude  being  c  k.  Between  the  7th  and  the  30th  of  November, 
the  magnitude  of  the  comet  decreased  from  that  represented  in^^.  i , 
to  that  represented  in  Jig,  2 ;  but  the  apparent  brightness  was  so 
much  increased,  that  at  the  latter  date  it  was  visible  to  the  naked 
eye  as  a  star  of  the  6th  magnitude.  The  apparent  diameter  was 
then  reduced  to  9^ 

•  For  several  of  these,  see  Sir  J.  Herschers  memoir  in  the  Memoirs  of  th4 
Bnyal  Jstrorumieal  Society,  vol.  vi.  p.  104. 
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On  the  7th  of  November  a  star  of  the  nth  magnitude  was  seen 
throogh  the  comet,  so  near  the  centre  r  of  brightness  that  it  was  for 
a  moment  mistaken  for  a  nucleus.  The  brightness  of  the  star  was 
not  in  the  least  perceptible  degree  dimmed  by  the  mass  of  cometary 
matter  through  which  its  light  passed.  ^ 

It  was  evident  that  the  increase  of  the  brightness  of  the  comet 
on  the  30th  of  November  must  be  ascribed  to  the  contraction,  and 
consequent  condensation,  of  the  nebulous  matter  composing  it  in 
receding  from  the  sun,  for  its  distance  from  the  earth  on  the  7th  of 
November,  when  the  nebulous  matter  subtended  an  angle  of  1 8^, 
was  0*5 1 5  (the  earth's  mean  distance  from  the  sun  being  =  i ) ; 
while  its  distance  on  the  30th,  when  it  subtended  an  angle  of  g% 
was  only  0*477.  Its  cubical  dimensions  must,  therefore,  have 
been  diminished,  and  the  density  of  the  matter  composing  it  aug- 
mented, in  more  than  an  eight-fold  proportion. 

628.  Xemarkable  pbjsieal  plianomena  mAnifeated  by 
Bailey's  comet. — The  expectation  so  generally  entertained,  that, 
on  the  occasion  of  its  return  to  perihelion  in  1835,  this  comet 
would  afford  observers  occasion  for  obtaining  new  data,  for  the 
foundation  of  some  satisfactory  views  respecting  the  physical  con- 
stitution of  the  class  of  which  it  is  so  striking  an  example,  was  not 
disappointed.  It  no  sooner  reappeared  than  phenomena  began  to 
be  manifested,  preceding  and  accompanying  the  gradual  formation 
of  the  tail,  the  observation  of  which  has  been  most  justly  regarded 
as  forming  a  memorable  epoch  in  astronomical  histoiy. 

Happily,  these  strange  and  important  appearances  were  observed 
with  the  greatest  zeal,  and  delineated  with  the  most  elaborate  and 
scrupulous  fidelity,  by  several  eminent  astronomers  in  both  hemi- 
spheres. MM.  Bessel  at  Konigsberg,  Schwabe  at  Dessau,  and 
Struve  at  Pulkowa,  and  Sir  J.  Herschel  and  Mr.  Maclear  •  at  the 
Cape  of  Grood  Hope,  have  severally  published  their  observations, 
accompanied  by  numerous  drawings,  exhibiting  the  successive 
transformations  presented  under  the  physical  influence  of  varying 
temperature,  in  its  approach  to  and  departure  from  the  sun. 

The  comet  first  became  visible  as  a  small  round  nebula,  without 
a  tail,  and  having  a  bright  point  more  intensely  luminous  than  the 
rest  excentrically  placed  within  it  On  the  2d  of  October  the  tail 
began  to  be  formed,  and,  increasing  rapidly,  acquired  a  length  of 
about  5°  on  the  5th ;  on  the  20th  it  attained  its  greatest  length, 
which  was  20®.  It  began  after  that  day  to  decrease,  and  its 
diminution  was  so  rapid,  that  on  the  29t1i  it  was  reduced  to  3^, 
and  on  the  5  th  of  November  to  2  J**.    The  comet  was  obsen-ed  on  Uie 

*  Now  Sir  Thomas  Macle&r. 
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day  of  ita  perihelion  by  M.  Struye,  at  the  Observatory  of  Pulkowa, 
•when  no  tail  whatever  was  apparent* 

The  circumstances  which  accompanied  the  increase  of  the  tail, 
from  the  2Dd  of  October,  until  its  disappearanre,  were  extremely 
remarkable^  and  were  observed  with  scrupulous  precision,  simul- 
taneously by  Bessel  at  Konigsberg,  by  Struve  at  Pulkowa,  and  by 
Schwabe  at  Dessau,  all  of  whom  made  drawings  from  time  to 
time,  delineating  the  successive  changes  which  it  underwent 

On  the  2nd|  the  commencement  of  the  formation  of  the  tail  took 
place  by  the  appearance  of  a  violent  ejection  of  nebulous  matter 
from  that  part  of  the  comet  which  was  presented  towards  the  sun. 
This  ejection  was,  however,  neither  imiform  nor  continuous.  Like 
the  fiery  matter  issuing  from  the  crater  of  a  volcano,  it  was  thrown 
out  at  intervals.  After  the  ejection,  which  was  conspicuous,  ac- 
cording to  Bessel,  on  the  znd,  it  ceased,  and  no  efflux  was  observed 
for  several  days.  About  the  8th,  however,  it  recommenced  more 
violently  than  before,  and'  assumed  a  new  form.  At  this  time 
Schwabe  noticed  an  appearance  which  he  denominates  a  "  second 
tail,"  presented  in  a  direction  opposed  to  that  of  the  original  tail, 
and,  therefore,  towards  the  sun.  This  appearance  seems,  however, 
to  be  regarded  by  Bessel  merely  as  the  renewed  ejection  of  ne- 
bulous matter,  which  was  afterwards  turned  back  from  the  sun  as 
smoke  would  be  by  a  current  of  air  blowing  from  the  sun  in  the 
direction  of  the  original  tail. 

From  the  8th  to  the  zznd,  the  form,  position,  and  brightness  of 
the  nebulous  emanations  underwent  various  and  irregular  changes, 
the  last  alternately  increasing  and  decreasing. 

At  one  time  two,  at  another  three^  nebulous  emanations  were 
observed  to  issue  in  divergent  directions.  These  directions  were 
continually  varying,  as  well  as  their  comparative  brightness. 
Sometimes  they  would  assume  a  swallow-tailed  form,  resembling 
the  flame  issuing  from  a  fan  gas-burner.  The  principal  jet  or  tail 
was  also  observed  to  oscillate  on  the  one  side  and  the  other  of  a 
line  drawn  from  the  sun  through  the  centre  of  the  head  of  the  comet, 
exactly  as  a  compass  needle  oscillates  between  the  one  and  the 
other  side  of  the  magnetic  meridian.  This  oscillation  was  so  rapid, 
that  the  direction  of  the  jets  was  visibly  changed  from  hour  to  hour. 
The  brightness  of  the  matter  composing  them,  being  most  intense  at 
the  point  at  which  it  seemed  to  be  ejected  from  the  nucleus,  faded 
away  as  it  expanded  into  the  coma,  curving  backwards,  in  the  di- 
rection of  the  principal  tail,  like  steam  or  smoke  before  the  wind. 

629.  Strnve**  drawinirs  of  tlie  comet  approaolilngr  tlie  sun 
In  1835. — These  ciuious  phenomena  will,  however,  be  more 
clearly  conceived  by  the  aid  of  the  admirable  drawings  of  M. 
Struve,  which  we  have  reproduced  with  all  practicable  fidelity,  in 
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Plates  XXIV.  XXV.  and  XX\'I.  These  drawings  were  executed 
by  M.  Kruger,  an  eminent  artist,  from  tiie  immediate  observation 
of  the  appearances  of  the  comet  with  the  great  Fraimhofer  telescope, 
at  the  Piilkowa  Observatory.  The  sketches  of  the  artist  were 
corrected  by  the  astronomer,  and  only  adopted  definitively  after 
repeated  comparisons  with  the  object.  The  original  drawings  are 
preserved  in  the  library  of  the  observatory. 

630.  X^  appearanoe  on  September  a9tli.  —  Plate  XXFV. 
fig,  I,  represents  the  appearance  of  the  comet  on  the  29th  of 

September.  The  tail  was  difficult  to  be  recognised,  appearing  to 
be  composed  of  very  feeble  nebulous  matter.  The  nucleus  passed 
almost  centrically  over  a  star  of  the  i  oth  magnitude,  without  in 
the  slightest  degree  afiecting  its  apparent  brightness.  The  star 
was  distinctly  seen,  through  the  densest  part  of  the  comet  Another 
transit  of  a  star  took  place  with  a  like  result. 

Annexed  is  the  scale  according  to  which  this  drawing  has  been 
made. 
i<y      5'       </  10*  K/  JO*  40*  ^ 
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63 1 .  Appearance  on  October  3.  —  This  is  represented  in^.  2, 
on  the  same  scale. 

The  comet  changed  not  only  its  magnitude  and  form,  but  also  its 
position  since  September  29.  On  that  day  the  direction  of  the  tail 
was  that  of  the  parallel  of  declination  through  the  head.  On  October 
3,  it  was  inclined  from  that  parallel  towards  the  north  at  a  small 
angle,  and,  instead  of  being  straight,  was  curved.  The  diameter  of 
the  head  was  increased  in  the  ratio  of  2  to  3,  and  the  length  of  the 
tail  in  the  ratio  of  nearly  1  to  3. 

632.  Appearance  on  October  8.  —  Plate  XXV.  ^.  i.  This 
drawing  is  made  on  the  subjoined  scale  of  seconds. 

10"   o"      10"      40"        60"        80"      100"      lao" 
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On  the  5th,  6th,  and  7th  the  comet  underwent  several  changes: 
the  nucleus  became  more  conspicuous.  On  the  6th,  a  fan-formed 
flame  issued  from  it,  which  disappeared  on  the  7th,  and  reappeared 
on  the  8th  with  increased  splendour,  as  represented  in  the  figure. 
The  nucleus  appeared  like  a  burning  coal,  of  oblong  form,  and 
yellowish  colour.  The  extent  of  the  flame-like  emanation  was  about 
30".  The  feeble  nebula  surrounding  the  nuclei  extended  much 
beyond  the  limits  of  the  drawing,  but,  being  overpowered  by  the 
moonlight^  could  not  be  measured. 

633.  Appearance  on  October  9. — Plate  XXV.  ^.  2,  same 
scale,  represents  the  nucleus  and  flame-like  emanation,  which 
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entirely  changed  their  form  and  magnitude  since  the  preceding  night. 
The  tail  (not  included  in  the  drawing)  measured  very  nearly  2°. 
The  flame  consisted  of  two  parts,  one  resemhling  that  seen  on  the 
8 thy  and  the  other  issuing  like  the  jet  from  a  blow-pipe  in  a  direc- 
tion at  right  angles  to  it.  The  figure  represents  th  e  nucleus  and  flame 
as  they  appeared  at  2 1^  sid.  time,  with  a  magnifying  power  of  254. 

634.  Appearance  on  October  10. — Plate  XXV. ^.  3,  on  the 
same  scale.  The  tail,  which  still  measured  nearly  2°,  was  now 
much  brighter,  being  visible  to  the  naked  eye,  notwithstanding 
strong  moonlight.  The  coma  was  evidently  broader  than  the  tail. 
The  flaming  nucleus  is  represented  in  the  drawing  as  it  appeared 
under  a  magnifying  power  of  86,  with  a  field  of  1 8'  diameter,  the 
entire  of  which  was  filled  with  this  coma.  The  diameter  of  the  latter 
must,  therefore,  have  been  more  than  1 8'.  The  drawing  was  taken 
at  2 1  A.  sidereal  time. 

635.  Appetu^uioe  on  October  la.  —  Plate  XXV.  Jiff.  4,  on 
the  same  scale.  The  comet  appeared  at  o**  25""  sid.  time  for  a 
short  interval  in  uncommon  splendour,  the  nucleus  and  flame, 
however,  alone  being  visible,  as  represented  in  the  drawing. 
The  greatest  extent  of  the  flame  measured  64"7.  Its  appear- 
ance waa  most  beautiful,  resembling  a  jet  streaming  out  from  the 
nucleus,  like  flame  from  a  blow-pipe,  or  the  flame  from  the  discharge 
of  a  mortar,  attended  with  the  white  smoke  driven  before  the  wind. 

636.  Appearance  on  October  1«. — Plate  XXV. ^.  5,  on  the 
same  scale.  The  principal  flame  was  now  greatly  enlarged,  extend- 
ing to  the  apparent  length  of  1 34".  Its  deflection  and  curved  form 
were  most  remarkable. 

637.  Appearance  on  October  7L9, — A  cloudy  sky  prevented 
all  observation  for  1 2  days.  On  the  27th,  the  comet  appeared  to 
the  naked  eye  as  bright  as  a  star  of  the  third  magnitude,  the  tail 
being  distinctly  visible.  The  coma  surrounding  the  nucleus 
appeared  as  a  uniform  nebula.  The  tail  was  curved  and  of  great 
length ;  but,  owing  to  the  low  altitude  at  which  the  observation 
was  taken,  it  could  not  be  measured.  On  the  29th,  however,  the 
comet  was  presented  under  much  more  favourable  conditions,  and 
the  drawings,  Plate  XXIV.  ^.  3,  and  Plate  XXVI.  Jig.  i,  were 
made.  The  former  represents  the  entire  comet,  including  the  whole 
visible  extent  of  the  tail,  and  is  drawn  to  the  annexed  scale  of 
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minutes.    The  latter  represents  the  head  of  the  comet  only,  and  is 
drawn  to  the  annexed  scale  of  seconds. 
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At  20^  30"*  sidereal  time,  the  head  presented  the  appearance 
represented  in  Plate  XXVI.  ^.  1.  The  chief  coma  was  almost 
exactly  circular,  and  had  a  diameter  of  165".  With  a  power  of  1 98, 
the  nucleus  appeared  as  in  the  figure,  ^e  diameter  being  about 
I  "'25  to  i"-50.  The  flame  issuing  from  the  nucleus,  curved  back 
like  smoke  before  the  wind,  was  very  conspicuous.  The  appearance 
of  the  formation  of  the  tail  as  it  issues  from  the  nucleus  was  re- 
markably developed. 

'  638.  Appearanoe  on  irovember  5. — Plate  XXVI.  ^.  2. 
This  drawing  represents  the  nucleus  and  flame  issuing  from  it  on 
the  annexed  scale  of  seconds. 
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The  proper  nucleus  was  found  to  measure  about  2'^*3.  Two 
flames  were  seen  issuing  from  it  in  nearly  opposite  directions,  and 
both  curved  towards  the  same  side.  The  brighter  flame,  directed 
towards  the  north,  was  marked  by  strongly  defined  edges.  The 
other,  directed  towards  the  south,  was  more  feeble  and  ill-defined. 

639.  Sir  7.  Bersoliers  deduotioiis  flrom  tliese  plienomena. 
— Sir  J.  Herschel,  who  also  observed  this  comet  himself  at  the 
Cape  of  Good  Hope,  makes  from  aU  these  observations  the  following 
inferences. 

1.  That  the  matter  of  the  comet  Vaporised  by  the  sun's  heat 
escapes  in  jets,  throwing  the  comet  into  irregular  motion  by  its 
reaction,  and  thus  changing  its  own  direction  of  ejection. 

2.  That  this  ejection  takes  place  principally  firom  the  part  pre- 
sented to  the  sun. 

3.  That  thus  ejected,  it  encountera  a  resistance  from  some  un- 
known force  by  which  it  is  repulsed  in  the  opposite  direction,  and 
so  forms  the  tail. 

4..  That  this  acts  unequally  on  the  cometary  matter,  which  is 
not  all  vaporised,  and  of  that  which  is  a  considerable  portion,  is 
retained  so  as  to  form  the  head  and  coma. 

5.  That  this  force  cannot  be  solar  gravitation,  being  contrary  to 
that  in  its  direction,  and  very  much  greater  in  its  intensity,  as  is 
manifest  by  the  enormous  velocity  with  which  the  matter  of  the 
tail  is  driven  from  the  sun. 

6.  That  the  matter  thus  repelled  to  a  distance  so  great,  from  a 
body  whose  mass  is  so  small,  must  to  a  great  extent  escape  from 
the  feeble  influence  of  the  gravitation  of  the  mass  composing  the 
head  and  coma,  and,  unless  there  be  some  more  active  agency  in 
operation,  a  large  portion  of  such  vaporised  matter  must  be  lost  in 
space,  never  to  reunite  with  the  comet.  This  would  lead  to  the 
consequence,  that  at  every  passage  tlirough  its  perihelion  the  comet 
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645.  Appeaimaee  on  January  27.  —  Fig,  4.  Comet  began  to 
assume  the  parabolic  form,  and  increase  of  magnitude  continued. 

646.  Appearance  on  January  aSb  —  Fig.  5.  Thecoma  or 
halo  quite  ipvisible,  but  the  nucleus  appeared  like  a  faint  small 
star.  The  magnitude  of  the  comet  continued  to  increase.  The~ 
obser^'er  fancied  he  saw  the  faint  outline  of  a  taiL 

647.  Appearance  on  January  30.  —  Fig.  6.  The  form  of 
the  comet  now  became  decidedly  parabolic.  The  breadth  across 
the  head  was  702",  being  greater  than  on  the  24th  in  the  ratio  of 
49  to  70,  or  7  to  1  o,  which  corresponds  to  an  increase  of  volume 
in  the  ratio  of  1  to  3,  supposing  the  form  to  remain  unchanged ; 
but  it  was  estimated  that  the  extension  in  length  gave  a  superficial 
increase  in  the  ratio  of  35  to  1,  which  would  correspond  to  a  much 
greater  augmentation  of  volume. 

648.  Appearance  on  February  1.  —  Fig,  7.  Further  increase 
of  magnitude,  the  form  remaining  the  same. 

649.  Appearance  on  February  7.  —  Plate  XXVIII.  Jig.  i , 
The  comet  was  on  this  night  rendered  faint  by  the  effect  of  moon- 
light. 

650.  Appearance  on  February  10.  —  Fig.  2.  Further  in- 
crease of  volume.     A  star  visible  through  the  body  of  the  comet. 

651.  Appearance  on  February  16  and  23. — Figs.  3,  4. 
The  magnitude  went  on  increasing,  while  the  illumination  became 
more  and  more  faint,  and  this  continued  until  the  comet's  final  dis- 
appearance ;  the  outline,  after  a  short  time,  became  so  faint  as  to 
be  lost  in  the  surrounding  darkness^  leaving  a  bland  nebulous 
blotch  with  a  bright  centre  enveloping  the  nucleus. 

652.  Vumber  of  comets.— According  to  Mr.  Hind,  the  nimi- 
ber  of  comets  which  have  appeared  since  the  birth  of  Christ  in  each 
successive  century  is  as  follows:  I.,  22.;  II.,  23.;  III.,  44.  j 
IV.,  27.;  v.,  16.  J  VI.,  25.  J  VII.,  22.;  VIIL,  16.  J  IX.,  42.1 
X..  26.;  XI.,  36.;  XIL,  26.;  XIII.,  26.  J  XIV.,  29.;  XV.,  27.; 
XVI.,  31.5  XVU.,  25.;  XVm.,  64.;  XIX.  (first  half),  80. 
Total,  607. 

Since  the  beginning  of  the  second  half  of  the  present  century,  a 
period  of  ten  years,  no  less  than  3 1  new  comets  have  been  dis- 
covered; this  arises  most  probably  from  the  great  precision  of 
modem  astronomical  instruments,  added  to  the  zeal  and  devotion 
shown  by  astronomers  since  1 845,  in  endeavouring  to  increase  our 
knowledge  by  the  discovery  of  new  members  of  our  planetary  and 
cometary  systems. 

653.  Buration  of  tbe  appearance  of  comets. — Since  comets 
are  visible  only  near  their  perihelia,  when  their  velocity  is 
greatest,  the  duration  of  their  \'i8ibility  at  any  single  perihelion 
passage  is  generally  short    The  longest  appearance  on  record  ia 
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that  of  the  great  comet  of  1 8 1 1^  which  continued  to  be  visible  for 
510  days.  The  comet  of  1 825  was  visible  for  twelve  months,  and 
others  which  appeared  since  have  been  seen  for  eight  months. 
In  general,  however,  these  bodies  do  not  continue  to  be  seen  for 
more  than  two  or  three  months. 

654.  Vear  approaob  of  comets  to  tbo  eaitli.  —  Considering 
the  vast  numbers  of  comets  which  have  passed  through  the 
system,  such  an  incident  as  the  collision  of  one  of  them:  with  a 
planet  might  seem  no  very  improbable  contingency.  Lexell's 
comet  was  supposed  to  have  passed  among  the  satellites  of  Jupiter ; 
and,  if  that  were  the  case,  it  is  certain  that  the  motions  of  these 
bodies  were  not  in  the  least  affected  by  it.  One  of  the  nearest 
approaches  to  the  earth  ever  made  by  a  comet  was  that  of  the 
comet  of  1684,  which  came  within  216  semi-diameters  of  the 
earth,  a  distance  not  so  much  as  four  times  that  of  the  moon.  The 
brilliant  comet  of  186 1  approached  very  near  to  the  earth  on  July 
30.  Its  tail  was  supposed  to  envelop  our  globe  on  that  day,  or  at 
least,  to  have  been  at  a  very  short  distance  from  us. 
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655.  Creation  not  oiroaniscril>ed  by  tbe  solar  eyetem. — 

The  region  of  space,  vast  as  it  is,  which  is  occupied  by  the  solar 
system,  forms  but  a  small  portion  of  that  part  of  the  material 
universe  to  which  scientific  inquiry  and  research  have  been  extended. 
The  inquisitive  spirit  of  man  has  not  rested  content  within  such 
limits.  Taking  its  stand  at  the  extremities  of  the  system,  and 
throwing  its  searching  glance  toward  the  interminable  realms  of 
space  which  extend  beyond  them,  it  still  asks — What  lies  there? 
Has  the  Iniinite  circumscribed  the  exercise  of  his  creative  power 
within  these  precincts — and  has  lie  left  the  unfathomable  depths 
of  space  that  stretch  beyond  them  a  wide  solitude?  Has  He 
whose  dwelling  is  immensity,  and  whose  presence  is  everywhere 
and  eternal,  remained  inactive  throughout  regions  compared  with 
which  the  solar  system  shrinks  into  a  point  ? 

Even  though  scientific  research  should  have  left  us  without 
definite  information  on  these  questions,  the  light  which  has  been 
shed  on  the  Divine  character,  as  well  by  reason  as  by  revelation, 
would  have  filled  us  with  the  assurance  that  there  is  no  part  of 
space  however  remote,  which  must  not  teem  with  evidences  of 
exalted  power,  inexhaustible  wisdom,  and  untiring  goodness. 
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But  science  has  not  so  deserted  us.  It  has,  on  the  contnuy, 
Supplied  us  with  much  interesting  information  respecting  regions 
of  the  universe,  the  extent  of  which  is  so  great  that  even  the 
whole  dimensions  of  the  solar  system  supply  no  modulus  suffi- 
ciently great  to  enahle  us  to  express  their  magnitude. 

656.  Tbe  solar  system  sniroanded  by  a  vast  but  limited 
▼old. —  We  are  furnished  with  a  variety  of  evidence,  establishing 
incontestably  the  fact,  that  around  the  solar  system  to  a  vast  dis- 
tance on  every  side  there  exists  an  unoccupied  space;  that  the 
solar  system  stands  alone  in  the  midst  of  a  vast  solitude.  It  has 
been  shown,  that  the  mutual  gravitation  of  bodies  placed  in  the 
neighbourhood  of  each  other,  is  betrayed  by  its  effects  upon  their 
motions.  If,  therefore,  there  exists  beyond  the  limits  of  the  solar 
system,  and  within  a  distance  not  so  great  as  to  render  the  attrac- 
tion of  gravitation  imperceptible,  any  mass  of  matter,  such  as 
another  sun  like  our  own,  such  a  mass. would  undoubtedly  exercise 
a  disturbing  force  upon  the  various  bodies  of  the  system.  It  would 
cause  each  of  them  to  move  in  a  manner  different  from  that  in 
which  it  would  have  moved  if  no  such  body  existed. 

Thus  it  appears  that,  even  though  a  mass  of  matter  in  our 
neighbourhood  should*  escape  direct  observation,  its  presence 
would  be  inevitably  betrayed  by  the  effects  which  its  gravitation 
would  produce  upon  the  planets.  No  such  effects,  however,  are 
discoverable.  The  planets  move  as  they  would  move  if  the  solar 
system  wei-e  independent  of  any  external  disturbing  attraction. 
These  motions  are  such,  and  such  only,  as  can  be  accounted  for  by 
the  attraction  of  the  sun  and  the  reciprocal  attraction  of  the  other 
bodies  of  the  system.  The  inference  from  this  is,  that  there  does 
not  exist  any  mass  of  matter  in  the  neighbourhood  of  the  solar 
system  within  any  distance  which  permits  such  a  mass  to  exercise 
upon  it  any  discoverable  disturbing  influence ;  and  that  if  any  body 
analogous  to  our  sun  exists  in  the  universe,  it  must  be  placed  at  a 
distance  so  great,  that  the  whole  magnitude  of  our  system  will 
shrink  into  a  point,  compared  with  it 

657.  Orders  of  macnltnde  of  tbe  stars. — Among  the  mul- 
titude of  stars  dispersed  over  the  firmament,  we  find  a  great  variety 
of  splendour.  Those  which  are  the  brightest  and  largest,  and  which 
are  said  to  be  of  the  first  magnitttdej  are  few ;  the  next  in  order  of 
brightness,  which  are  called  of  the  second  magnitude^  are  more 
numerous;  and  as  they  decrease  in  brightness  their  number  rapidly 
increases. 

The  number  of  stars  of  the  first  magnitude  does  not  exceed  twenty- 
four  ;  the  second,  fifty ;  the  third,  two  hundred ;  and  so  on,  the 
number  of  the  smallest  visible  without  a  telescope  being  from  1 2,000 
to  15,000. 
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The  stars  which  are  capable  of  being  seen  by  the  naked  eye  are 
usually  resolved  into  seven  orders  of  magnitude — the  first  being  the 
brightest  and  largest,  while  those  of  the  seventh  magnitude  are  the 
smallest  that  the  eye  can  distinctly  see. 

658.  Tbese  Tarlaties  of  marnltiide  caused  oliielly  by  dilte- 
renoe  of  distanoe. — Are  we  to  suppose^  then,  that  this  relative 
brightness  which  we  perceive,  really  arises  from  any  difference  of 
intrinsic  splendour  between  the  objects  themselves  P  or  does  it,  as 
it  may  equally  do^  arise  from  their  difference  of  distance  P  Are 
the  stars  of  the  seventh  magnitude  so  much  less  bright  and  con^ 
spicuous  than  those  of  the  first  magnitude^  because  they  are  really 
smaller  orbs  placed  at  the  same  distance  P  or  because  being 
intrinsically  equal  in  splendour  and  magnitude^  the  distance  of 
those  of  the  seventh  magnitude  is  so  much  greater  than  the  distance 
of  those  of  the  first  magnitude  that  they  are  diminished  in  their 
apparent  brightness  P  We  know  that  by  the  laws  of  optics  the 
light  received  from  a  luminous  object  diminishes  in  a  very  rapid 
proportion  as  the  distance  increases.  Thus  at  double  the  distance  it 
will  be  four  times  less,  at  triple  the  distance  it  will  be  nine  times 
less,  at  a  hundred  times  the  distance  it  will  be  ten  thousand  times 
less,  and  so  on. 

It  is  evident,  then,  that  the  great  variety  of  lustre  which 
prevails  among  the  stars  may  be  indifferently  explained,  either 
by  supposing  them  objects  of  different  intrinsic  brightness  and 
magnitude,  placed  at  the  same  distance ;  or  objects  generally  of 
the  same  order  of  magnitude,  placed  at  a  great  diversity  of  dis- 
tances. 

Of  these  two  suppositions,  the  latter  is  infinitely  the  more  pro- 
bable and  natural ;  it  has,  therefore,  been  usually  adopted :  and  we 
accordingly  consider  the  stars  to  derive  their  vaiiety  of  lustre  almost 
entirely  from  their  places  in  the  universe  being  at  various  distances 
from  us. 

659.  Stars  as  distant  from  eaoli  other  grenerally  as  they  are 
from  tlie  San. -^Taking  the  stars  generally  to  be  of  intrinsically 
equal  brightness,  various  theories  have  been  proposed  as  to  the  posi- 
tions which  would  explain  their  appearance ;  and  the  most  natural 
and  probable  is,  that  their  distances  from  each  other  are  generally 
equal,  or  nearly  so,  and  correspond  with  the  distance  of  our  sun  from 
the  nearest  of  them.  In  this  way  the  fact  that  a  small  number  ot 
stars  only  appear  of  the  first  magnitude,  and  that  the  number  in- 
creases very  rapidly  as  the  magnitude  diminishes^  is  easily  rendered 
intelligible. 

660.  'Wliy  stars  Increase  in  number  as  tbey  decrease  in 
nutffnltnde. — K  we  imagine  a  person  standing  in  the  midst  of  a 
wood,  surrounded  by  trees  on  every  side,  and  at  every  distance,  those 
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which  immediately  surround  him  will  be  few  in  number,  and  by 
proximity  will  appear  large.  The  trunks  or  stumps  of  those  which 
occupy  a  circuit  beyond  the  former,  will  be  more  numerous,  the 
circuit  being  wider,  and  will  appear  smaller,  because  their  distance 
is  greater.  Beyond  these  again,  occupying  a  still  wider  circuit,  will 
appear  a  proportionally  augmented  number,  whose  apparent  mag- 
nitude will  again  be  diminished  by  increased  distance ;  and  thus 
the  trees  which  occupy  wider  and  wider  circuits  at  greater  and 
greater  distances  will  be  more  and  more  numerous,  and  will  appear 
continually  smaller.  It  is  the  same  with  the  stars ;  we  are  placed 
in  the  midst  of  an  inunense  cluster  of  suns,  surrounding  us  on  every 
side  at  inconceivable  distances.  Those  few  which  are  placed  im- 
mediately about  our  system,  appear  bright  and  large,  and  we  call 
them  stars  of  the  fird  tnaffnitude.  Those  which  lie  in  the  circuit 
beyond,  and  occupy  a  wider  range,  are  more  numerous  and  less 
bright;  and  we  call  them  stars  of  the  second  magnitude.  And  there 
is  thus  a  progression  increasing  in  number  and  distance  and  dimi- 
nishing in  brightness  until  we  attain  a  distance  so  great  that  the 
stars  are  barely  visible  to  the  naked  eye.  This  is  the  limit  of  vision. 
It  is  the  limit  of  the  range  of  the  eye  in  its  natural  condition  ;  but 
an  eye  has  been  given  us  more  potent  still,  and  of  infinitely  wider 
range, — the  eye  of  the  mind.  The  telescope,  a  creature  of  the  im- 
derstanding,  has  conferred  upon  the  bodily  eye  an  infinitely  aug- 
mented range,  and,  as  we  shall  presently  see,  has  enabled  us  to 
penetrate  into  realms  of  the  universe,  which,  without  its  aid,  would 
never  have  been  known  to  us.  But  let  us  pause  for  the  present,  and 
dwell  for  a  moment  upon  that  range  of  space  which  comes  within 
the  scope  of  natural  vision. 

66 1.  "Wliat  are  tlie  fixed  stars?  —  The  extent  of  the  stellar 
universe  visible  to  the  naked  eye,  and  the  arrangement  of  stars  in 
it  and  their  relative  distances,  have  just  been  explained.  But 
curiosity  will  be  awakened  to  discover,  not  merely  the  position  and 
arrangement  of  those  bodies,  but  to  ascertain  what  is  their  nature, 
and  what  parts  they  play  on  the  great  theatre  of  creation.  Are 
they  analogous  to  our  planets  ?  Are  they  inhabited  globes,  warmed 
and  illuminated  by  neighbouring  suns  P  Or,  on  the  other  hand, 
are  they  themselves  suns,  dispensing  light  and  life  to  systems  of 
surrounding  worlds  ? 

662.  Teleseopes  do  not  mairnify-  tliem  like  tlie  planets. — 
When  a  telescope  is  directed  to  a  star,  the  effect  produced  is  strik- 
ingly diffJarent  from  that  which  we  find  when  it  ia  applied  to  a 
planet  A  planet  to  the  naked  eye,  with  one  or  two  exceptions, 
appears  like  a  common  star.  The  telescope,  however,  immediately 
presents  it  to  us  with  a  distinct  circular  disk  similar  to  that  which 
the  moon  offers  to  the  naked  eye,  and  in  the  case  of  some  of  the 
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planets  a  powerful  telescope  will  make  them  appear  of  consider- 
able magnitude.  But  the  effect  is  very  different  indeed  when 
the  same  instrument  is  directed  even  to  the  brightest  star.  We 
iind  that  instead  of  magnifying,  it  actually  diminishes.  There  is 
an  optical  illusion  produced  when  we  behold  a  star,  which  makes 
it  appear  to  us  to  be  surrounded  with  a  radiation  which  causes  it 
to  be  represented  when  drawn  on  paper,  by  a  dot  with  rays  diverg- 
ing on  every  side  from  it.  The  effect  of  the  telescope  is  to  cut  off 
this  radiation,  and 'present  to  us  the  star  as  a  mere  lucid  point, 
having  no  sensible  magnitude ;  nor  can  any  augmented  telescopic 
power  which  has  yet  been  resorted  to,  produce  any  other  effect. 
Telescopic  powers  amounting  to  six  thousand  were  occasionally 
used  by  Sir  William  Herschel,  and  he  stated  that  with  these  the 
apparent  magnitude  of  the  stars  seemed  less,  if  possible^  than  with 
lower  powers. 

663.  Tbe  absence  of  a  disk  proved  by  their  oooiiltation  by 
tbe  moon.  —  We  have  other  proofs  of  the  fact  that  the  stars  have 
no  sensible  disks,  among  which  may  be  mentioned  the  remarkable 
effect  called  the  occultation  of  a  star  by  the  dark  edge  of  the  moon. 
When  the  moon  is  a  crescent  or  in  the  quarters,  as  it  moves  over 
the  firmament,  its  dark  edge  successively  approaches  to,  or  recedes 
from  the  stars.  And  from  time  to  time  it  happens  that  it  passes 
between  the  stars  and  the  eye.  If  a  star  had  a  sensible  disk  in 
this  case,  the  edge  of  the  moon  would  gradually  cover  it,  and  the 
star,  instead  of  being  instantaneously  extinguished,  would  gradu- 
ally disappear.  This  is  found  not  to  be  the  case ;  the  star  preserves 
all  its  lustre  until  the  moment  it  comes  into  contact  with  the  dark 
edge  of  the  moou'S  disk,  and  then  it  is  instantly  extinguished, 
without  the  slightest  appearance  of  diminution  of  its  brightness. 

664.  Meanlngr  of  the  term  maffnitnde  as  applied  to  stars. 
— It  may  be  asked  then,  if  such  be  the  case,  if  none  of  the  stai*s, 
great  or  small,  have  any  discoverable  magnitude  at  all,  with  what 
meaning  can  we  speak  of  stars  of  the  first,  second,  or  other  orders 
of  magnitude  P  The  term  magnitude  thus  applied,  was  used  before 
the  invention  of  the  telescope,  when  the  stars,  having  been  observed 
only  with  the  naked  eye,  were  really  supposed  to  have  different 
magnitudes.  We  must  accept  the  term  now  to  express,  not  the 
comparative  mag^iitude,  but  the  comparative  brightness  of  the  stai-s. 
Thus  a  star  of  the  first  magnitude,  means  of  the  greatest  apparent 
brightness ;  a  star  of  the  second  magnitude,  means  that  which  has 
the  next  degree  of  splendour,  and  so  on.  But  what  are  we  to  infer 
from  this  singular  fact,  that  no  magnifying  power,  however  great, 
vriW  exhibit  to  us  a  star  with  any  sensible  magnitude  ?  must  we  ad- 
mit tliat  the  optical  instrument  loses  its  magnifying  power  when  ap- 
plied to  the  stars,  while  it  retains  it  with  every  other  visible  object  ? 
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Such  a  consequence  would  be  eminently  absurd.  We  are  there- 
fore driyen  to  an  inference  regarding  the  magnitude  of  stars,  as 
astonishing  and  almost  as  inconceivable  as  that  which  was  forced 
upon  us  respecting  their  distances.  We  saw  that  the  entire  mag- 
nitude of  the  annual  orbit  of  the  earth,  stupendous  as  it  is,  was 
nothing  compared  to  the  distance  of  one  of  those  bodies,  and  conse- 
quently if  that  orbit  were  filled  by  a  sun,  whose  magnitude  would 
therefore  be  infinitely  greater  than  that  of  ours,  such  a  sun  would  not 
appear  to  an  observer  at  the  nearest  star  of  greater  magnitude  than 
I " ;  consequently  it  would  have  no  magnitude  sensible  to  the  eye, 
and  would  appear  as  a  mere  lucid  point  to  an  observer  at  the  star  t 
We  are  then  prepared  for  the  inference  respecting  the  fixed  stars 
which  telescopic  observations  lead  to.  The  telescope  of  Sir  William 
Plerschel,  to  which  he  applied  a  power  of  six  thousand,  did  un- 
doubtedly magnify  the  stars  six  thousand  times,  but  even  then  their 
apparent  magnitude  was  inappreciable.  We  are  then  to  infer  that 
the  distance  of  these  wonderful  bodies  is  so  enormous  compared 
with  their  actual  magnitude,  that' their  apparent  diameter,  seen 
from  our  system,  is  above  six  thousand  times  less  than  any  which 
the  eye  is  capable  of  perceiving. 

665.  'Wlij'  stars  may  be  rendered  Imperoeptlble  by  tbelr 
dUtance. — It  appeai-s,  therefore,  that  stars  are  rendered  sensible  to 
the  eye,  not  by  subtending  a  sensible  wigle,  but  by  the  light  they 
emit  An  illuminated  or  luminous  object,  such  for  example  as  the 
sun,  has  the  same  apparent  bi-ightness  at  all  distances,  and  conse- 
quently, the  quantity  of  light  which  the  eye  of  an  observer  receives 
from  it  being  in  the  exact  ratio  of  the  apparent  area  of  its  visual 
disk,  is  inversely  as  the  square  of  its  distance.  It  remains,  however, 
to  be  explained  how  it  can  be  that,  after  it  ceases  to  have  a  disk  of 
sensible  diameter,  it  does  not  cease  to  be  visible.  This  arises  from 
the  fact  that  the  luminous  point  constituting  the  image  on  the 
retina  is  intrinsically  as  bright  as  when  that  image  has  a  large 
and  sensible  magnitude.  The  eye  is  therefore  sensible  to  the  light, 
though  not  sensible  to  the  magnitude  of  the  image;  and  it  continues 
to  be  sensible  to  the  light,  until  by  increase  of  distance,  the  light 
which  enters  the  pupil  and  is  collected  on  the  retina,  though  still  as 
intense  in  its  brilliancy  as  before,  is  so  small  in  its  quantity^  that  it 
is  insufficient  to  produce  sensation. 

666.  Classifloatton  of  stars  by  mavnitades  arbitrary  and 
insulBoient. — The  distribution  of  the  stars  visible  to  the  naked 
eye  into  seven  orders  of  magnitude,  has  been  so  long  and  so  generally 
received,  and  is  referred  to  so  universally  in  the  works  of  astrono- 
mers, ancient  and  modem,  that  it  would  be  impossible  altogether  to 
supersede  it,  and  if  possible,  such  a  change  would  be  attended  with 
great  inconvenience.  .  Nevertheless,  this  classification  is  open  to  many 
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objections,  and  is,  from  its  looseness  and  want  of  definiteness  and 
precision,  in  singular  discordance  with  the  actual  state  of  astrono- 
mical science.  The  stars  which  abound  in  such  countless  numbera 
on  the  firmament,  are  of  infinite  gradations,  from  that  of  Sirius,  the 
most  splendid  object  of  this  class,  to  the  most  faint  stars  which  the 
sharpest  and  most  practised  eye  can  distinguish  on  the  darkest  and 
clearest  night.  To  distribute  such  a  series  so  imperceptibly  decreas- 
ing in  splendour,  into  seven  orders  of  magnitude,  must  obviously  be 
an  arbitrary  process,  in  which  no  two  observers  could  possibly  agree. 
There  are  no  natui'al  breaks  of  continuity  by  which  the  stars  of  the 
first  magnitude  could  be  separated  from  Uiose  of  the  second,  the 
second  from  those  of  the  third,  and  so  on.  Whatever  be  the  stars 
assigned  to  any  class,  the  brightest  will  be  undistinguishable  from 
the  faintest  of  those  of  the  next  superior  magnitude,  and  the  faintest 
will  be  equally  undistinguishable  from  the  brightest  of  the  next 
inferior  magnitude. 

The  stars  assigned  to  any  order  of  magnitude,  must  in  such  a 
classification  differ  greatly  one  from  another  in  brightness. 
Thus,  of  the  24  or  25  stars,  that  are  usually  assigned  to  the 
first  magnitude  in  the  received  classification,  Sirius,  the  bright- 
est, is  about  four  times  as  bright  as  a  Centauri,  which  may  be 
taken  as  the  type  of  the  average  brightness  of  stars  of  this  magni- 
tude. 

667.  Zmportanoe  of  more  exact  astrometrlc  expedients.  -* 
When  it  is  considered  that  the  exact  ratio  of  the  apparent  lustre 
of  the  stars,  combined  with  their  parallaxes  when  the  latter  are 
known,  supplies  the  data  by  which  the  absolute  splendour  of  these 
bodies  may,  as  will  presently  appear,  be  calculated ;  and  further, 
that  they  may  be  thus  brought  into  immediate  numerical  com- 
parison with  the  sun,  which  is  itself  only  an  individual  of  the 
same  class  of  bodies,  the  importance  of  the  expedients  for  the 
more  exact  estimation  of  their  relative  lustre,  and  a  more  precise 
basis  of  classification  as  to  apparent  magnitude,  cannot  fail  to  be 
felt  and  acknowledged.  The  importance  of  this  is  rendered  stiU 
greater  by  the  consideration  that  the  parallax  of  a  veiy  small 
number  of  stars  being  found  to  have  appreciable  magnitude,  the 
comparative  lustre  of  these  bodies  taken  in  the  mass  is  the  only 
ground  upon  which  any  estimate  of  their  relative  distances  can  bo 
determined;  and  when  the  large  number  which  are  subject  to 
observation  is  considered,  and  the  improbability  of  their  differing 
greatly  in  intrinsic  magnitude  taken  collectively  in  classes,  it  must 
be  admitted  that  their  relative  apparent  brightness  cannot  fail 
to  be  a  tolerably  exact  exponent  of  their  comparative  distances. 

668.  Astrometer  contrlTed  and  applied  bj*  Sir  J.  Bersoliel. 
—  During  his  residence  at  the  Cape,  Sir  J.  Herschel  contrived  an 
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apparatus  for  the  more  exact  determination  of  the  relative  lustre 
of  the  stars,  and  applied  it  with  great  advantagre  to  the  determi- 
nation of  the  relative  brightness  of  a  considerable  number  of  these 
objects.  This  apparatus  consisted  of  a  rectangular  glass  prism, 
and  a  lens  so  mounted  that  two  celestial  objects  might  be  seen  in 
juxtaposition,  one  directiy,  and  the  other  by  reflection  and  trans- 
mission through  the  prism  and  lens,  the  apparent  brightness  of  the 
latter  being  capable  of  bemg  varied  at  pleasure  by  the  observer,  so 
that,  by  proper  adjustments,  the  two  objects  tiius  seen  may  be 
rendered  sensibly  equal  in  brightness.  When  this  is  accomplished, 
the  arrangements  of  the  apparatus  are  such,  that  by  measuring  the 
distance  of  the  eye  of  tlie  observer  from  the  focus  of  the  lens,  a 
measure  may  be  obtained,  by  which  the  comparatiTtB  lustre  of  any 
objects  to  which  the  apparatus  may  be  successively  directed  may 
be  determined. 

To  render  this  intelligible,  let  r.  ,/F/7»  96,  represent  the  rec- 
tanprular  prism,  one  of  tlie  faces  of  which  is  placed  so  as  to  receive 


Fig.  96. 


a  pencil  of  rays  passing  from  a  distant  object  J  perpendicularly 
upon  it.  These  rays  are  totally  reflected  (O.  1 20)  by  the  back  of 
the  prism  at  P,  and  emerging  from  the  other  face  of  the  prism,  are 
received  upon  the  lens  L,  and  brought  to  a  focus  F,  as  if  they  came 
from  the  direction  P  F.  The  parallel  pencil  is  thus  converted  into 
a  divergent  pencil,  of  which  F  is  the  focus,  and  the  point  P  will 
appear  to  an  eye,  placed  anywhere,  as  at  e,  within  the  limits  of 
the  divergent  pencil  as  a  star,  the  apparent  brightness  of  which 
will  be  more  or  less  according  as  the  eye  is  nearer  to  or  more  dis- 
tant from  F.  It  results  from  the  principles  of  optics,  that  the 
apparent  brightness  of  the  focal  point  f  will  be  inversely  as  the 
square  of  the  distance  B  F  of  the  eye  from  this  point  If,  then,  k 
exprena  the  apparent  lustre  of  f  when  the  eye  is  at  the  unit  of 
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distance  from  it,  M  divided  by  b'  will  express  its  apparent  lustre 
when  the  eye  is  at  the  distance  D. 

Let  us  now  suppose  the  apparatus  so  arranged  in  its  position 
that  while  Ihe  eye,  placed  within  the  divergent  pencil,  sees  the 
focus  F,  it  may  also  see,  in  juxtaposition  with  it,  a  star  8, 
whose  lustre  is  to  be  determined.  Let  the  eye  be  moved  to  or 
from  F  until  the  lustre  of  the  star  becomes  sensibly  equal  to  that 
of  F.  If,  then,  the  lustre  of  the  star  be  expressed  by  8,  we  shall 
have 

I^t  the  apparatus  be  then  directed  to  another  star,  whose  lustre 
8^  is  to  be  compared  with  the  former,  and  let  the  same  operation  be 
repeated,  the  distance  of  the  eye  from  f  being  so  regulated  as  to 
render  the  apparent  lustre  of  the  point  f  equal  to  that  of  the  second 
star.  The  distance  of  the  eye  from  f  being,  in  this  case,  expressed 
by  i/,  we  shall  then  have 

and  consequently, 

8  ^D'* 

that  is  to  say,  the  apparent  lustres  of  the  two  stars  are  in  the  in- 
verse numerical  ratio  of  the  squares  of  the  distances  of  the  eye 
from  F,  which  would  render  the  apparent  lustre  of  F  equal  to  those 
of  the  stars  respectively. 

In  the  series  of  observations  made  at  the  Cape  by  Sir  J.  Herschel, 
the  moon  was  the  object  with  which  the  stars  were  thus  compared. 
The  planet  Jupiter  would,  perhaps,  be  more  convenient ;  but  any 
object  which  would  retain  an  invariable  brightness  during  the  short 
interval  necessary  for  the  comparison  of  the  stars  under  observation 
would  serve  the  purpose. 

In  this  manner,  Sir  J.  Herschel  ascertained  numerically  the  com- 
parative brightness  of  a  considerable  number  of  stars  of  greater 
magnitude  than  the  fourth,  and  has  given,  in  his  "Co/w  Observa- 
tions,^* a  catalogue,  exhibiting  the  relative  magnitudes  to  two  places 
of  decimals. 

669.  Prinolple  on  wlilcli  tl&e  sncoesslTe  orders  of  stellar 
maffnltnde  sbonld  be  based.  —  Astronomers  aie  not  agreed  as 
to  the  optical  conditions  by  which  the  successive  orders  of  stellar 
magnitudes  should  be  fixed.  It  might  appear,  at  first  view,  that  a 
star  of  the  second  magnitude  ought  to  have  one-half  the  brightness 
of  one  of  the  first  magnitude,  that  a  star  of  the  third  magnitude 
ought  to  have  one-third  of  the  brightness,  and  so  on. 
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But -such  a  proportion  would  not  be  at  all  in  accordance  with  the 
common  classification  of  magnitudes. 

The  more  generally  received  condition  has  been  a  succession 
of  magnitudes,  such  as  a  star  of  a  given  intrinsic  lustre  would  have 
if  I'emoyed  to  a  series  of  distances  increasing  in  arithmetical  pro- 
gression. Thus,  stars  of  the  first  magnitude  wouid  be  at  the  unit 
of  stellar  distance ;  those  of  the  second  magnitude  would  have  a 
lustre  due  to  twice  this  distance  ;  those  of  the  third  magnitude,  to 
three  times  this  distance,  and  so  on.  Now,  since  the  apparent 
lustre  of  an  object  is  in  the  proportion  of  the  inverse  square  of  the 
distance,  it  would  follow  that,  in  this  system  the  succession  of 
brightness  would  be  as  the  numbers  i^  i,  ^^  iV)  '^^  ^  ^^* 

Meanwhile,  whatever  may  be  the  principle  adopted  for  this  clas- 
gification,  the  astrometric  expedient  contrived  by  Sir  John  Herschel 
being  sufficient  for  the  numerical  estimation  of  the  relative  bright- 
nesses of  different  stars,  it  will  be  sufficient  to  determine  a 
variety  of  interesting  and  important  problems  respecting  the  ab- 
solute lustre  and  magnitudes  of  those  objects,  not  only  compared 
with  each  other,  but  with  the  sun. 

670.  ComparatiTe  lustre  of  a  Centanrl  witli  tl&at  of  tl&e  ftell 
moon.  —  By  means  of  the  instrument  described  above.  Sir  J. 
Herschel  compared  the  full  moon  with  certain  fixed  stars,  and 
ascertained,  by  a  mean  of  eleven  observations,  that  its  lustre 
bore  to  that  of  the  star  a  Centauri  which  he  selected  as  the  standard 
star  of  the  first  magnitude,  the  ratio  of  27,408  to  I  ;  in  other  words, 
he  showed  that  a  cluster  consisting  of  27,408  stars  equal  in  bright- 
ness to  that  of  a  Centauri  would  give  the  same  light  as  the  full 
moon. 

67 1 .  ComparUon  of  tl&e  lustre  of  tl&e  ftell  moon  witl&  tl&at 
of  tl&e  sun.  —  Dr.  Wollaston  by  certain  photometric  methods 
which  are  considered  to  have  been  susceptible  of  great  precision, 
compared  the  light  of  the  sun  with  that  of  the  full  moon,  and  found 
that  the  ratio  was  801,072  to  i  :  or  in  other  words,  that  to  obtain 
moon-light  as  intense  in  its  lustre  as  sun-light,  it  would  be  neces- 
sary that  801,072  full  moons  should  be  stationed  in  the  firmament 
together. 

672.  Comparison  of  tl&e  sun's  Uglkt  with,  tl&at  of  a  Centauri. 
—  By  the  combination  of  these  observations  of  Herschel  and 
Wollaston,  we  are  supplied  with  means  of  bringing  into  direct  nu- 
merical comparison  the  sun  and  the  star  a  Centaiiri.  Since  it 
appears  that  the  light  of  n  Centauri  is  27,408  times  less  than  that 
of  the  full  moon,  while  the  light  of  the  full  moon  is  801,072  times 
less  than  that  of  the  sun,  it  will  evidently  follow,  that  the  light 
of  the  sun  is  very  nearly  22,000,000,000  times  more  intense  than 
that  of  a  Centauri. 
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sad  a  imi  atarw — Since  all  aiuJogr  and  obMrmtton  Umd  to  th« 
condosioii,  that  the  stun,  like  the  son,  ar&  adf-lamixii>us  Kxli<>«»« 
although  no  telesoopic  power  which  we  can  command  can  exhibit 
them  with  a  sensiUe  disk,  it  cannot  be  doubted  that  ther  aits 
like  the  sun,  spherical  bodies  If  then,  I  expi>ei»  the  intrinsic 
brightness,  or  iriiat  is  the  same,  the  absolute  quantitr  of  light 
emitted  br  a  8upei€cial  unit  of  the  risible  surface  of  such  a 
sphere,  and  if  M  express  the  superficial  magnitude  of  the  hemi* 
^here  presented  to  the  ere,  the  total  quantitj  of  light  emitttnl* 
or  total  intrinsic  lustre,  will  be  expressed  by  i  x  M.  Bat  the 
apparent  lustze  will,  according  to  the  common  optical  law, 
decrease  as  the  square  of  the  distance  of  the  observer  increasee, 
and  consequently,  if  i  x  M  express  the  lustre  at  the  uuit  of  distanc«», 

I  X    -^  will  express  it  at  the  distance  D,  so  that  we  shall  hare 

I  X  M  =  L  X  D*. 

If  the  apparent  lustre,  and  the  distance  of  the  star,  thoreforo,  he 
both  known,  the  intrinsic  lustre,  which  depends  cox\joinUy  uiK>n 
the  magnitude  of  the  luminous  surface  exp^vsed  to  view  and  its 
intrinsic  brightness,  will  be  known. 

674.  Astrometer  ancreated  b^r  Br.  XArdner.  —  To  bring  a 
iixed  star  into  immediate  comparison  with  the  sun,  and  to  obtain 
a  measure  of  the  visual  magnitude  of  the  star,  supposing  it  to  have 
an  intrinsic  lustre  equal  to  that  of  the  sun,  would  be  easy  if  the 
distance  could  be  ascertained  to  which  it  would  be  necojwory  to 
remove  the  sun,  so  that  it  shall  present  to  the  eye  the  samn  appa- 
rent lustre  as  the  star,  for  in  that  case  the  visual  magnitude  of  the 
sun,  which  could  be  calculated  by  means  of  its  real  magnitude  and 
distance,  would  necessarily  be  equal  to  the  visual  magnitude  of 
the  star.  In  this  manner,  a  visual  angle  too  small  to  be  aiiccr- 
tained  by  direct  instrumental  measurement,  would  bo  dotomiined 
by  indirect  means. 

Let  J=the  real  diameter  of  the  sun,  D  =  the  distance  to  which 
it  would  be  necessary  to  remove  it  from  the  observer,  so  that  it 
might  present  to  the  eye  the  same  appearance  as  a  given  star,  and 
let  <;>  =  its  visual  diameter  at  that  distance.   Wo  should  thou  have, 

4>"  =  2o6265X    i 

and  <p  would  then  be  the  visual  angle  subtended  by  the  star,  if  the 
star  be  supposed  to  have  the  same  intrinsic  lustre  as  the  s\m.  But 
if  the  star  be  supposed  to  have  a  greater  or  less  intrinsic  lustre 
than  the  sun,  then  the  visual  magnitude  of  the  star  will  bo  greater 
or  less  than  4>. 
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Although  the  sun  cannot  be  removed  to  increased  distaiioee, 
the  same  optical  efiect  may  be  produced  by  the  following  expe- 
dient. 

Let  A  B  c  D  be  a  tube  like  that  of  a  telescope,  furnished  with  a 
diaphragm  at  B  c,  so  constructed  that  by  sliding  pieces,  a  circular 


E> 


Fig.  97. 

aperture,  having  a  diameter  variable  at  pleasure  within  practicable 
limits,  may  be  made  in  its  centre.  Let  a  sliding  tube  having  an 
eye-hole  in  a  diaphragm  at  the  end  of  it,  like  that  in  the  eye>piece 
of  a  telescope,  be  attached  to  the  other  end  ad  of  the  tube,  so 
that  the  distance  of  the  eye>hole  from  the  variable  aperture  m  n 
may  be  varied  at  pleasure  within  pracficable  limits.  It  is  evident, 
that  the  diameter  of  the  aperture  m  n,  and  the  distance  from  the 
eye  at  s  to  m  n  being  known,  the  visual  angle  subtended  by  m  n  at 
E  will  be  determined. 

If  the  tube  thus  constructed  and  arranged  be  directed  to  the 
disk  of  the  sun,  a  circular  part  of  that  disk  having  any  desired 
visual  diameter  can  be  made  visible  to  the  eye  placed  at  e.  This 
can  always  be  accomplished  within  limits  by  the  variation  of  the 
diameter  m  n  of  the  aperture,  and  the  variation  of  the  distance  of 
the  eye  E  from  m  n. 

But,  by  a  well- understood  principle  of  optics  (0.  364),  the 
circular  part  of  the  sun's  disk  visible  through  the  aperture  has 
exactly  the  same  appearance,  both  in  apparent  magnitude  and 
brightness,  as  the  sun  itself  would  have  if  it  were  removed  to 
such  a  distance  from  the  observer,  that  it  would  subtend  the  same 
visual  angle  as  that  subtended  by  the  aperture  m  n  at  the  eye  E. 

l£  then  the  apparatus  be  so  adjusted,  that  the  apparent  lustre  of 
the  part  of  the  sun  seen  through  the  aperture  shall  be  equal,  as 
exactly  as  can  be  determined  by  an  observation  of  this  kind,  to  the 
apparent  brightness  of  any  star,  it  will  follow,  that  the  visual  angle 
subtended  by  the  aperture  seen  from  s,  will  be  equal  to  the  visual 
angle  subtended  by  the  star ;  and  as  the  former  can  be  calculated 
by  knowing  the  real  diameter  of  the  aperture  and  its  distance  from 
E,  the  latter  can  be  inferred. 

In  the  practical  application  of  this  method,  the  difficulty  arises 
from  not  being  able  to  bring  the  luminous  point  seen  in  the  tube 
into  immediate  juxtaposition  with  the  star  with  which  it  is  com- 
pared.   The  observer  must  rely  upon  his  judgment  ard  memory 
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of  the  apparent  brightneBs  of  the  Btars,  to  determine  when  that  of 
the  luminous  point  seen  in  the  tube  is  equal  to  it 

675.  Astrometrto  table  of  190  prlnotyal  stars.  —  In  the 

following  table  are  collected  the  results  of  the  observations  of  Sir 
J.  Herschel,  for  the  determination  of  the  relative  lustre  of  190 
principal  stars.  In  addition  to  their  astrometric  magnitudes^  as 
detenhined  by  Sir  J.  Herschel,  we  have  computed  from  the  data 
supplied  by  him,  their  relative  brightness  compared  with  that  of 
the  star  a  Centauri  as  a  standard,  and  also  their  light  in  billionths 
of  the  light  of  the  son. 

TABLE. 

List  of  190  stars,  from  the  first  to  the  third  magnitude  inclasive,  with  their 
magnitudes,  according  to  the  astrometric  scale  proposed  by  Sir  John 
Herachel ;  and  their  apparent  brightness  comparea  with  each  other,  and 
with  the  sun. 


KHHgftttH. 

UpVBllWlVr 

Stv^t^i. 

Nah  i#  !(iir. 

MvittvU^ 

ftw^a  LiMht 

1 

n 

■•^ 

fl 

1 

""i 

\ 

I 

« 

c 

s 

i5 

1 

1 

1^ 

1 

* 

1 

■ 

L  Flnt  Maf . 

11.  X  Ma^. 

SlrUi«  - 

0*9 

41*5 

»V7 

y  Arp(1i  . 

*^9 

O'tfil 

X'4 

dtnopiu 

P7O 

104 

9»S)7 

.Arjtft.  -        ^ 

»'*9 

0  '49 

A  Ontaah       - 

i-oo 

I  CO 

4f  S5 

H  iTinr  nui,    - 

T.15CJ 

<SJ4V 

6-79 

ffS 

T'  Orion  it 

■  Trliinf,  Hint. 

rj? 

0149 
CCI45 

f79 
<^54 

Ciifx^Ua 

J-40 

FjT 

irM 

1  SntrtiiHrU     - 

J*7 

D  [4^3 

fr  9 

ri  Lj-r*    - 

t'4iJ 

flrjt 

*rM 

^  'VAMr\  - 

1-69 

OU« 

629 

PrrtTion 

1*40 

051 

1?14 

Polflfjp 

**9 

0-1  jS 

6£q 

■  Orl  nht 

»*4! 

C"49 

1117 

«S<TiiTpit 

1-70 

crrjT 

frij 

«  Krulanl 

IfO 

cr+t 

lO'H 

■  H^Jrv 

i7f 

6'» 

Aldetmnn  - 

150 

044 

4/>-j_| 

iCHTiitm^.  - 

i"71 

oru 

An 

^  C*iit«url 

X 

0\|0 

IS  ±4 

■  r«fDn|t 

*7+ 

ffijj 

607 

■  Crudn 

0J9 

17  ?v 

y  IdHinli 

I7f 

<riji 

An 

ATitjirf*! 

163 

OJ9 

J  7  79 

4  Grtiit  - 

11^. 

□rJ^O 

f  94 

M  AqullB 

\^ 

OH 

'5<?5 

N  AHetJi 

5*77 

Sdica    - 

V*rl!uiii.. 

o-|i 

T411 

r  ^tr^tarll     . 

1^1 

rjj 

V  Ardiit 

i  Arv^i  - 

rit? 

erit; 

i  i;T'«mjOH    - 

MS 

ffii4 

5-^ 

yi7 

IT.  1  Ma^. 

jsf  c*h    - 

rP7 

cut 

5« 

VOtt 

'.;^ 

l»7 

5-5? 

1MI»X 

0  1! 

11  )9 

^  Amfriimrdr 

191 

G'n& 

m.  C^rui*  • 

1T7 

015 

10  6s 

^  Crurli 

rt4 

Or<U 

?W 

IIT,  1  M=iir. 

1  nriohii 

iij 

oto 

»9? 

tfTTfi 

$11 

1  Canii  tn«J.  - 

1*7 

ff»W 

£*£! 

■  AiulrnmFft* 

»9* 

e  It; 

S'»T 

X.  Ncorpii 

118 

0  tS? 

S'TS 

0  Cen  uirk      . 

l^ 

711^ 

5*iS 

*  rjpii 

1*11 

«'5+ 

»  CA^tlrnnfa  - 

crm 

5*M 

Cn-ttur 

,.Mi 

(TlSl 

ri! 

^  L-4I1IU  U14     - 

*^ 

oru 

J3 

irn«miij'   - 

:i^ 

■  Orioni^ 

3  oo 

0  lit 

■  UriiF  m^>   -. 

V.  i')7 

E'tr 

^  Oftonii 

r^o 

O'Itt 

f<A 

;  OHnnli 

v-ti 

ot6« 

r?? 

ica. 

□  110 

:5i 

pJAFtffl.    -           - 

i::i 

r*5 

AP|r<al    . 

V.J'CJ 

0  lO} 

m  Pf  ri*J  . 

016, 

r4> 

t  FrgM^l*        . 

I'D  J 

a  109 

♦^ 

388 


ASTRONOMY. 


Name  of  Star. 

Magnitude. 
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676.  Use  of  tl&e  teloscope  in  stellar  obserratloBs.  —  Since 
no  telescope  however  great  might  be  its  power,  has  ever  presented 
a  fixed  star  with  a  sensible  disk,  it  might  be  inferred  that,  for  the 
purposes  of  stellar  investigations,  the  importance  of  that  instiomient 
must  be  inferior  to  that  which  it  may  claim  in  other  applications. 
Nevertheless  it  is  certain,  that  in  no  department  of  physical  science 
has  the  telescope  produced  such  wonderful  results,  as  in  its  applica- 
tion to  the  analyses  of  the  starry  heavens. 

Two  of  the  chief  cimditions  necessary  to  distinct  vision  are, 
first,  that  the  image  on  the  retina  shall  have  sufficient  magnitude ; 
or,  what  is  equivalent  to  this,  that  the  object  or  its  image  shall 
subtend  at  the  eye  a  visual  angle  of  sufficient  magnitude  (0.  349) ; 
and,  secondly,  it  must  be  sufficiently  illuminated  (0.  329).  When, 
by  reason  of  their  distance  firom  the  observer,  visible  objects  fail 
to  fulfil  either  or  both  of  these  conditions,  the  telescope  is  capable 
of  re-establishing  them.  It  augments  the  visual  angle  by  substitu- 
ting for  the  distant  object,  which  the  observer  cannot  approach,  an 
optical  image  of  it  close  to  his  eye,  which  he  can  approach ;  and  it 
augments  the  illumination  by  collecting,  on  each  point  of  such 
image,  as  many  rays  as  can  enter  the  aperture  of  the  object  glass, 
instead  of  the  more  limited  number  which  can  enter  the  pupil  of  the 
naked  eye  ;  the  allowance,  nevertheless,  being  made  for  the  light 
lost  by  reflection  from  the  surfaces  of  the  lenses,  and  by  the  im- 
perfect transparency  of  their  material. 

The  increase  of  the  visual  angle  is  determined  by  the  ratio  of 
the  focal  length  of  the  object  glass  to  that  of  the  eye  glass  (O.  510), 
and  the  increase  of  illimiination  is  determined  by  the  ratio  of  the 
area  of  the  aperture  of  the  object  glass  to  that  of  the  pupil,  which 
areas  are  proportional  to  the  squares  of  the  diameters  of  the  object 
glass  and  the  pupil.  The  illumination  will,  therefore,  vary  in  the 
ratio  of  the  square  of  the  aperture  of  the  telescope. 

To  explain  the  efiect  of  the  telescope  applied  to  stellar  observa- 
tion, let  the  sun  or  any  similar  object  be  imagined  to  be  transferred 
to  a  gradually  increased  distance  from  the  observer.  The  eflect 
will  be  the  gradual  decrease  of  its  visual  diameter,  and  a  corre- 
sponding decrease  of  the  image  on  the  retina.  The  brightness  or 
intensity  of  illumination  of  that  image  will  remain  always  the  same 
(0.  364) ;  and,  consequently,  the  total  quantity  of  light  which  falls 
upon  it  will  be  decreased  in  the  exact  ratio  of  its  superficial  mag- 
nitude,— that  is,  in  the  ratio  of  the  square  of  its  diameter.  But 
this  diameter  is  always  proportional  to  the  visual  angle  subtended 
at  the  eye  by  the  object ;  and  this  angle  decreases  as  the  distance 
of  the  object  increases.  It  follows,  therefore,  that  the  total  quantity 
of  lig-ht  incident  on  the  retina,  from  the  same  or  similar  objects  at 
difierent  distances,  decreases  as  the  square  of  the  distance  increases. 
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Now,  let  the  distance  of  the  sun  from  the  observer  be  imagined 
to  be  increased  until  the  visual  angle  becomes  so  small  that  no 
sensible  impression  of  the  form  or  magnitude  of  the  object  is  pro- 
duced. Let  this  distance  be  expressed  by  d'.  The  appearance  of 
the  sun  would  then  be  that  of  a  mere  luminous  point,  without 
apparent  magnitude  or  form.  It  would  in  fact,  therefore,  have  the 
same  appearance  as  that  of  a  star  or  planet.  Vision  would  depend 
on  the  mere  excitation  of  the  retina  by  the  quantity  of  light  acting 
upon  it,  and  not  on  the  form  or  magnitude  of  the  picture  produced 
upon  it  The  first  of  the  above-mentioned  conditions  of  distinct 
vision  would  fail  to  be  fulfilled,  but  the  second  would  be  still  ful- 
filled. Light  without  form  or  magnitude  would,  therefore,  be  the 
sensible  impression  on  the  observer. 

If  we  now  imagine  the  sun  to  continue  to  be  transferred  to 
greater  and  greater  distances,  the  image  on  the  retina  will  be  pro- 
portionally diminished  in  magnitude;  but  as  its  magnitude  has 
already  ceased  to  be  sensible  because  of  its  minuteness,  this 
decrease  of  magnitude  will  necessarily  also  be  insensible.  But  the 
total  quantity  of  light  falling  upon  the  retina  will  also  be  decreased, 
and  this  decrease  will  be  in  the  ratio  of  the  increase  of  the  square 
of  the  distance.  Now,  since  the  apparent  brightness  of  the  lumi- 
nous point  to  which  the  sun  would  be  in  this  case  reduced,  must 
depend  altogether  on  the  total  quantity  of  light  falling  on  the 
retina,  this  brightness  will  be  in  the  inverse  ratio  of  the  square  of 
the  distance. 

Let  l'  be  the  total  quantity  of  light  falling  on  the  retina,  or  tlie 
applarent  brightness  of  the  object  at  the  distance  d'  at  which  it 
ceases  to  have  a  sensible  disk,  and  let  L  be  its  apparent  brightness, 
at  any  greater  distance  D.  We  shall  then,  according  to  what  has 
just  been  explained,  have 

L  :  l'::d'*  :  d'j 
and  consequently, 

t  =  L'X-. 

from  which  it  appears  again  that  L  will  decrease  as  d'  increases. 

By  the  continual  increase  of  D,  therefore,  the  apparent  brightness 
of  the  luminous  point  to  which  the  object  has  been  reduced,  would 
be  continually  diminished,  and  it  would  successively  assume  the 
appearance  of  stars  of  less  and  less  magnitude,  until  at  length  the 
quantity  of  light  falling  on  the  retina  would  become  so  small  that 
it  would  be  insuificient  to  produce  a  sensible  impression  on  the 
organ,  and  the  object  would  cease  to  be  seen.  Let  the  distance 
at  which  this  would  take  place  be  d". 

It  appears,  then,  that  in  the  gradations  of  the  optical  imprefision 
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produced  by  sach  a  continually  receding  object^  there  are  two 
limiting  distances,  the  lesser  d^  at  which  it  ceases  to  have  sensible 
magnitude  but  continues  to  be  visible  as  a  lucid  point,  and  the 
greater  a"  at  which  it  ceases  to  be  seen  altogether ;  and  that  at 
intermediate  distances  D  it  appears  as  a  lucid  point  of  all  degrees  of 
brightness,  less  than  that  which  it  has  at  the  distance  D^ 

If  this  reasoning  be  applied  to  different  objects,  it  is  evident  that 
the  distance  d'  will  vary  with  the  real  diameter  of  the  object,  and 
will  be  exactly  proportional  to  it.  The  distance  D''  for  objects 
having  the  same  real  diameter,  will  vary  with  their  intrinsic  lustre, 
or  the  relative  quantities  of  light  which  they  emit  from  their 
visible  hemispheres,  and  will  be  greater  in  the  ratio  of  the  square 
root  of  the  absolute  quantity  of  light  emitted. 

If  a  telescope  be  directed  to  a  star  at  any  distance  D  greater  than 
d",  its  magnifying  power  will  be  incapable,  however  great  it  may 
be,  of  augmenting  the  visual  angle  to  such  an  extent  as  to  render 
it  greater  than  it  would  be,  if  the  star  were  at  the  distance  d',  at 
which  the  visual  angle  becomes  so  small  as  to  be  inappreciable  by 
the  eye.  But  in  the  same  case,  the  power  of  the  telescope  to  in- 
crease the  quantity  of  light  which  enters  the  pupil,  will  produce 
eifects  which  are  not  only  very  sensible,  but  which  may  be  increased 
almost  indefinitely,  by  augmenting  the  apertiure  of  the  telescope. 
In  this  way,  although  the  magnifying  power  is  altogether  ineffica- 
cious so  far  as  relates  to  the  visual  angle  of  the  object,  its  power, 
60  far  as  relates  to  the  increase  of  light  or  increase  of  apparent 
brightness  of  the  object,  becomes  of  the  greatest  importance.  Thus 
it  is  evident,  that  a  telescope  of  a  certain  aperture  directed  to  a 
star  of  the  sixth  magnitude,  the  light  of  which,  according  to  the 
estimate  of  Sir  J.  Herschel,  is  about  the  looth  part  of  the  light 
of  such  a  star  of  the  first  magnitude  as  a  Centauri,  would  render 
it  equal  in  apparent  brightneas  to  the  latter,  and  would,  therefore, 
have  the  eflfect  of  bringing  it  so  much  nearer  to  the  observer,  as 
the  distance  of  an  average  star  of  the  first  magnitude  is  less  than 
an  average  star  of  the  sixth  magnitude.  But  since  the  apparent 
brightness  decreases  as  the  square  of  the  distance  increases,  it  follows 
that  a  star  of  the  sixth  magnitude,  being  100  times  less  bright  than 
a  star  of  the  first  magnitude,  will  be  i  o  times  more  distant.  The 
telescope,  therefore,  in  this  case,  would  have  the  effect  of  bringing 
the  star  i  o  times  nearer  to  the  observer. 

By  knowing  the  relation  of  the  aperture  of  the  telescope, 
whether  it  be  a  refractor  or  reflector,  to  the  magnitude  of  the  pupil, 
and  the  proportion  of  light  lost  in  being  transmitted  to  the  eye 
by  the  lenses  or  specula  of  the  instrument,  it  is  easy  to  calculate  the 
ratio  in  which  it  will  increase  the  apparent  brightness  of  a  star, 
and  this  ratio  being  known,  it  will  be  easy  to  ascertam  how  much 
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-.tin-,  that  a  -tar  wlii.-ii  \  >  th--  :ia!v'i  <; 
>;.iii''  bri^'htiir.-s  a.b  that  ^tal"  docs  winii  >fj. 
require  to  be  removed  to  seventy-live  timt' 
that  when  seen  through  the  telescope  itwc 
it  has  when  seen  with  the  naked  eye.  1 
magnitude,  if  removed  to  seventy-fiye  tir 
would  appear  in  such  an  instrument  still 
magnitude  would  to  the  naked  eye,  and 
John  Herschel,  that  a  star  of  the  sixth  mi 
times  less  light  than  n  Centauri,  and  is  t 
greater  distance,  it  will  follow  that  a  Centi 
removed  to  seven  hundred  and  fifty  times  it 
when  viewed  through  such  a  telescope  it  -^ 
the  sixth  magnitude  to  the  naked  eye. 

If,  then,  it  be  assumed,  as  it  may  fairly 
numerable  stars  which  are  beyond  the  n 
and  brought  into  view  by  the  telescope,  a 
have  the  same  magnitude  and  intrinsic  bri 
stai-s  of  the  first  magnitude,  it  will  follow 
distances  750  times  greater  than  the  distai 
the  first  magnitude,  such  as  n  Centauri.  1 
is  such,  that  light  would  require  3*54325  } 
the  earth.  It  would,  therefore,  follow  th 
telescopic  stars  just  referred  to,  must  be 
take  to  come  from  them  to  the  earth  2 
distance  of  such  stars,  taking  the  earth's  d 
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to  come  from  them  to  ub,  and  consequently  that  the  objects  we 
now  see  are  not  those  which  now  exist,  but  those  which  did  exist 
2600  years  ago ;  and  it  is  within  the  scope  of  physical  possibility 
that  they  may  have  changed  their  conditions  of  existence,  and 
consequently  of  appearance,  or  even  have  ceased  to  exist  altogether, 
more  than  2000  years  ago,  although  we  actually  see  them  at  this 
moment. 

This  incidentaUy  shows  that  the  actual  perception  of  a  visible 
object  is  no  conclusive  evidence  of  its  present  existence.  It  is 
only  a  proof  of  its  existence  at  some  anteiior  period. 

678.  Teleseoplo  stars. —  It  appears,  therefore,  tliat  there  are 
numerous  orders  of  stars,  which  by  reason  of  their  remoteness  are 
invisible  to  the  naked  eye,  but  which  are  rendered  visible  by  the 
telescope ;  and  these  stars  are,  like  those  visible  to  the  naked  eye, 
of  an  infinite  variety  of  degrees  of  magnitude  and  brightness,  and 
have  accordingly  been  classed  by  astronomers,  according  to  an 
order  of  magnitude  in  numerical  continuation  of  that  which  has 
been  somewhat  indefinitely  or  arbitrarily  adopted  for  the  visible 
stars.  Thus,  supposing  that  the  last  order  of  stars  visible  without 
telescopic  aid  is  the  seventh,  the  first  order  disclosed  by  the  tele- 
scope will  be  the  eighth,  and  from  these  the  telescopic  stars, 
decreasing  in  magnitude,  have  been  denominated  the  ninth,  tenth, 
eleventh,  &c.  to  the  sixteenth  or  seventeenth  magnitude,  the  last 
being  the  smallest  stars  which  are  capable  of  being  rendered  dis- 
tinctly visible  by  the  most  powerful  telescope. 

679.  Stellar  nomenolatnre. — Besides  the  classification  of  stars 
according  to  their  estimated  degrees  of  magnitude  or  brightness, 
they  are  also  desiguated  according  to  their  distribution  over  the 
imaginary  siuface  of  the  celestial  sphere.  WTiether  the  apparent 
grouping  of  these  objects  depends  on  any  physical  relation  existing 
between  the  members  composing  each  group,  or  is  the  result  of 
the  fortuitous  relation  of  the  visual  lines  directed  to  them,  the 
principal  collections  of  the  more  conspicuous  stars  thus  placed  in 
near  apparent  vicinity,  have  been  recognised  from  the  most  remote 
antiquity,  and  such  groups  have  been  commonly  denominated 

CONSTELLATIONS. 

Although  in  certain  cases,  it  is  probable  that  some  physical 
relation  may  exist  between  the  more  close  neighbours  in  these 
constellations,  it  is  certain  that  the  apparent  juxta-position  and 
relative  arrangement  of  the  component  stars  generally  is  alto- 
gether fortuitous.  Imagination,  has,  however,  connected  them 
together,  and  invested  such  constellations  with  the  forms  of  my- 
thological figures,  animals,  such  as  bears,  dogs,  lions,  goats, 
serpents,  and  so  on,  from  which  they  severally  take  their  names. 
Unreasonable  as  such  a  svstem  must  be  allowed  to  be.  it  is  not 

DD 
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without  its  use  as  a  means  of  reference  and  an  artificial  aid  to  the 
memory.  That  a  better  system  of  signs  and  symbols  might  have 
been  devised  for  these  purposes,  may  be  admitted ;  but  when  it  is 
considered  that  the  names  and  forms  of  the  most  conspicuous  con- 
stellations have  had  their  origin  in  remote  antiquity  —  that  they 
were  handed  down  from  the  Chaldeans  to  the  Egyptians,  from  the 
Egyptians  to  the  Greeks,  and  from  these  to  the  modems  —  that 
they  are  referred  to  in  the  works  of  every  past  astronomer,  and 
registered  in  the  memory  of  every  living  observer  —  that  they  are 
associated  with  the  productions  of  art,  and  supply  illustrations  to 
the  orator  and  the  poet  —  it  will  be  readily  admitted  that,  even 
though  a  general  change  of  the  stellar  nomenclature  and  symbols 
were  practicable,  it  would  neither  be  advantageous  nor  advisable. 

As  an  example  of  a  constellation,  the  group  of  seven  conspicuous 
stars,  arranged  nearly  in  the  form  of  a  note  of  interrogation,  visible 
in  the  northern  part  of  the  firmament,  and  in  these  latitudes  always 
above  the  horizon,  may  be  referred  to.  This  constellation  is  called 
Ursa  major  (the  Great  Bear).  The  seven  stars  are  only  the  more 
conspicuous  of  those  which  compose  the  constellation,  the  entire 
number  being  eighty-seven,  most  of  them,  however,  being  tele- 
scopic ;  of  the  seven  chief  stars  one  only  is  of  the  first  magnitude, 
three  are  of  the  second,  and  three  of  the  third. 

The  seven  principal  stars  of  this  constellation  being  all  less  than 
forty  degrees  from-  the  north  pole,  will  be  always  above  the  horizon 
in  latitudes  greater  than  forty  degrees.  Hence  it  is  that  this  con- 
stellation is  so  familiarly  known.  They  may  serve  as  standards  or 
moduli  by  which  the  astronomical  amateur  may  estimate  the 
orders  of  magnitudes  of  the  stars  generally.  It  is  in  the  quarter 
of  the  heavens  opposite  to  that  in  which  the  sun  is  in  the  month 
of  March,  and  is  tiierefore  visible  at  midnight  near  the  meridian 
above  the  pole  at  that  season.  In  the  month  of  September  it  is 
visible  at  midnight  below  the  pole. 

The  stars  which  compose  a  constellation  are  designated  usually 
by  the  letters  of  the  Greek  alphabet,  the  first  letters  being  ge- 
nerally assigned  to  the  most  conspicuous.  The  order  of  the  letters, 
however,  does  not  always  follow  strictly  the  order  of  magnitudes. 
WTien  the  stars  are  not  designated  by  letters,  they  are  distinguished 
by  numbers,  and  this  is  mostly  the  case  with  the  smaller  stars. 

It  is  usual  to  express  the  constellations  by  their  Latin  names, 
and  to  designate  the  individual  stars  by  the  letter  or  number  and 
the  constellation,  as  a  Xyr«,  /3  Ur8€B  ntqforis,  6i  Ophtuchi,  24 
Com<B,  &c. 

In  the  cases  of  some  of  the  more  conspicuous  stars,  such  as  have 
been  objects  of  observation  in  remote  agea,  they  are  also  frequently 
distinguished  by  proper  names.    Thus,  a  Cania  mqforis  is  more 
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oommonl  J  caDed  Suriuay  and  sometimes  the  Dog-dor^  sod  is  known 
as  the  most  resplendent  of  the  fixed  stars.  In  like  manner,  a  Pi$eii 
AiubraU$  is  always  caDed  FomalAauiy  a  and  $  Gemmontm  are  called 
Outor  and  FoUtix,  B  Oriomis  is  known  as  lH^y  a  Tatiri  as  Aldt' 
banmy  a  VirguUs  as  Spica,  a  JBootis  as  Ardmrtis,  and  so  on. 

The  practical  osef^eas  of  the  imaginary  figures  which  gire 
names  to  the  constellations,  will  thus  be  understood.  If  we  desire 
to  express  the  position  of  the  star  1)  Ur9iB  mqforisy  for  example,  we 
say  that  it  is  at  the  ^jp  o/'M^  tot?  of  the  Great  Bear.  We  indicate, 
in  like  manner,  the  place  of  the  three  remarkable  stars,  8,  c,  and  {* 
Ononis,  by  saying  that  they  form  the  belt  of  Orion,  and  another, 
Rigel,  by  saying  that  it  is  on  his  foot  The  star  Sirius  is  on  the 
nose  of  Cams  major,  and  the  bright  star  3  on  his  left  fore-foot 

680.  Vsa  of  pointera. — Those  who  desire  to  obtain  an  ac- 
quaintance with  the  stars,  will  find  much  adrantage  in  practising 
the  method  of  pointers,  by  which  the  position  of  conspicuous 
stars  with  which  the  obsenrer  is  well  acquainted,  is  used  to 
ascertain  the  places  of  others  which  are  less  Imown  and  less  easily 
identified.  This  method  consists  in  assigning  two  conspicuous  stars 
so  placed,  that  a  straight  line  imagined  to  be  drawn  between  them , 
and  continued  if  necessary  in  the  same  direction,  will  pass  through 
or  near  the  star  whose  position  it  is  desired  to  ascertain. 

The  most  us^ul  example  of  the  application  of  this  method,  is  the 
case  of  the  pole  star,  which  is  a  Ur8€B  mmoris,  a  star  of  the  third 
magnitude.  Let  the  observer  direct  his  eye  to  the  two  conspicuous 
stars,  a  and  $  Ursa  majcrisy  and  supposing  a  straight  line  draiCn 
from  3  to  a,  let  him  carry  lus  eye  along  that  line  beyond  a  to  a  dis- 
tance about  six  times  the  space  between  a  and  3,  he  will  arrire  at  the 
pole  star. 

681.  Vsa  of  star  maps. — To  comprehend  the  preceding  para- 
graphs, and  profit  by  the  instructions  given  in  them,  it  will  be  neces- 
sary for  the  reader  to  have  in  his  hands  a  set  of  star-maps.  These 
valuable  aids  to  the  observer  have  been  very  much  extended  by 
the  publication  of  several  charts  including  stars  down  to  the  ninth 
magnitude.  The  most  important  of  these  is  undoubtedly  the 
series  of  star-maps  prepared  by  Professor  Argelander,  of  Bonn, 
which  contains  the  positions  of  more  than  320,000.  For  the 
identification  of  stars  by  the  naked  eye,  an  elaborate  chart  of  this 
kind  is  not  to  be  recommended,  but  one  containing  stara  down  to 
the  sixth  magnitude  would  be  found  more  valuable. 

6X2.  Vse  of  tlie  celestial  rlobe. — A  celestial  globe  may  bo 
defined  to  be  a  working  model  of  the  heavens.  The  visible  hemi- 
sphere is  bounded  by  the  horizontal  circle  in  which  the  globe  rests. 
The  brass  circle  at  right  angles  to  this,  is  the  celestial  meridian. 
The  consteUations,  with  outlines  of  the  imaginary  figures  from 
which  they  take  their  names,  are  delineated  upon  it 
D  D  2 
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To  prepare  the  globe  for  use,  let  smalj 
gummed  on  will  answer  the  purpose)  be  pb 
the  positions  of  the  sun,  moon,  and  planets,  i 
the  heavens.  The  place  of  the  sun  on  the  et 
on  the  globe  itself.  If  not,  its  right  ascensi 
from  the  vernal  equinoxial  point,  measured  c 
and  its  declination  (that  is,  its  distance 
equator),  are  given  in  the  almanac,  for  ei 
right  ascension  and  declination  arc  likewise 

683.  To  find  tbe  plaee  of  an  object  oi 
right  ascension  and  declination  are  kn* 
on  the  equator  where  the  given  right  asce; 
the  globe  on  its  axis  till  this  point  be  brou^ 
Then  count  off  an  arc  of  the  meridian  ( 
equator,  according  as  the  declination  i 
equal  to  the  given  declination,  and  the  p 
mediately  under  the  point  of  the  nieridia 
the  place  of  the  object.  By  this  nile,  th( 
of  any  object  of  which  the  right  ascensii 
known,  may  be  immediately  found,  and  a  i 
upon  it. 

To  adjust  the  globe  so  as  to  use  it  as  a 
of  objects  on  the  heavens,  and   an  &  mAi 
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80  far  as  relates  to  the  poles,  the  meridian,  and  the  points  of  the 
horizon. 

To  ascertain  the  aspect  of  the  firmament  at  any  hour  of  the 
night,  it  is  now  only  necessary  to  turn  the  glohe  upon  its  axis  until 
the  mark  indicating  the  place  of  the  sun  shall  be  under  the  horizon  in 
the  same  position  as  the  sun  itself  actually  is  at  the  hour  in  question. 
To  efiect  this,  let  the  globe  be  turned  until  the  mark  indicating 
the  position  of  the  sun  is  brought  under  the  meridian.  Observe 
the  hour  marked  on  the  point  of  the  equator  which  is  then  imder 
the  meridian.  Add  to  this  hour  the  hour  at  wliich  the  observation 
is  about  to  be  taken,  and  turn  the  globe  imtil  the  point  of  the 
equator  on  which  is  marked  the  hour  resulting  from  this  addition 
it  brought  under  the  meridian.  The  position  of  the  globe  will 
then  correspond  with  that  of  the  firmament  Every  object  on  the 
one  will  correspond  in  its  position  with  its  representative  mark  or 
symbol  on  the  other.  If  we  imagine  a  line  dntwn  from  the  centre 
of  the  globe  through  the  mark  upon  its  surface  indicating  any  star, 
such  a  line,  if  continued  outside  the  surface  toward  the  heavens, 
would  be  dir**cted  to  the  star  itself. 

For  example,  suppose  that  when  the  mark  of  the  Bun  is  brought 
under  the  meridian,  the  hour  5''  40",  is  found  to  be  on  the  equator 
at  the  meridian,  and  it  is  required  to  find  the  aspect  of  the  heavens 
at  half-past  ten  o'clock  in  the  evening. 


H. 

M. 

To 

5 

40 

Add 

10 

30 

16        10 

Let  the  globe  be  turned  until  16^  10"  is  brought  under  the  meri- 
dian, and  the  aspect  given  by  it  will  be  that  of  the  heavens. 


CHAPTER  XX. 

PERIODIC,  TEMPORARY,  AND  MULTIPLE  STARS.  —  PROPER  MOTION  OF  STARS. 
—  MOTION  OF  THE  SOLAR  SYSTEM. 

684.  Telesoopio  observations  on  individual  stars.  —  Be- 
sides bringing  within  the  range  of  observation  objects  placed  be- 
"yond  the  sphere  which  limits  the  play  of  natural  vision,  the 
telescope  has  gi*eatly  multiplied  the  number  of  objects  visible 
within  that  sphei-e,  by  enabling  us  to  see  many  rendered  invisible 
by  their  minuteness,  or  confounded  with  others  by  their  apparent 
proximity.  Among  the  stars  also  which  are  visible  to  the  naked 
eye,  there  are  many,  respecting  which  the  telescope  has  disclosed 
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circumstances  of  the  highest  physical  interest,  by  which  they  hare 
become  more  closely  allied  to  our  system,  and  by  which  it  is 
demonstrated  that  the  same  material  laws  which  coerce  the  planets, 
and  giye  stability,  uniformity,  and  harmony  to  their  motions,  are 
also  in  operation  in  the  most  remote  regions  of  the  universe.  We 
shall  first  notice  some  of  the  most  remarkable  discoveries  respecting 
individual  stars,  and  shall  afterwards  explain  those  which  indicate 
the  arrangement,  dimensions,  and  form  of  the  collective  mass  of 
stars  which  compose  the  visible  firmament,  and  the  results  of  those 
researches  which  the  telescope  has  enabled  astronomers  to  make 
in  regions  of  space  still  more  remote. 

I.  PESIODIO  STASS. 

685.  Stan  of  Tmriable  lustre.  —  The  stars  in  general,  as  they 
are  stationary  in  their  apparent  positions,  are  equally  invariable  in 
their  apparent  magnitudes  and  brightness.  To  this,  however, 
there  are  several  remarkable  exceptions.  Stars  have  been  ob- 
served, sufficiently  numerous  to  be  regarded  as  a  distinct  class, 
which  exhibit  periodical  changes  of  appearance.  Some  undergo 
gradual  and  alternate  increase  and  diminution  of  magnitude, 
vaiying  between  determinate  limits,  and  presenting  these  variations 
in  equal  intervals  of  time.  Some  are  observed  to  attain  a  certain 
maximum  magnitude,  from  which  they  gradually  and  regxdarly 
decline  until  they  altogether  disappear.  After  remaining  for  a 
certain  time  invisible,  they  reappear  and  gradually  increase  till 
they  attain  their  maximum  splendour,  and  this  succession  of 
changes  is  regularly  and  periodically  repeated.  Such  objects  are 
called  periodic  stars. 

686.  Xemarkable  stars  of  tbis  class  in  tlie  oonstellatloiis 
of  Cetus  and  Porsoos.  —  The  most  remarkable  of  this  class  is 
the  star  called  Omikron,  in  the  neck  of  the  Whale,  which  was  first 
observed  by  David  Fabricius,  on  the  1 3  th  of  August,  1 596.  This 
star  retains  its  greatest  brightness  for  about  fourteen  days,  being 
then  equal  to  a  large  star  of  the  second  magnitude.  It  then 
decreases  continually  for  three  months  until  it  becomes  invisible. 
It  remains  invisible  for  five  months,  when  it  reappears,  and 
increases  gradually  for  three  months  until  it  recovers  its  maximum 
splendour.  This  is  the  general  succession  of  its  phases.  Its 
entire  period  is  about  331  days.  This  period  is  not  alwav-ii  the 
same,  and  the  gradations  of  brightness  through  which  it  passes  are 
said  to  be  subject  to  variation.  Hevelius  states  that,  in  the  in- 
terval between  1672  and  1676,  it  did  not  appear  at  all. 

Some  recent  obser\'ations  and  researches  of  M.  Argelander, 
render  it  probable  that  the  period  of  this  star  is  subject  to  a  varia- 
tion which  is  itself  periodical,  the  period  being  alternately  aug^ 
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mented  and  diminished  to  the  extent  of  25  days.    The  variations 
of  the  maximum  lustre  are  also  probably  periodicaL 

The  star  called  Algolj  in  the  head  of  Medusa,  in  the  constellation 
of  Perseus,  atfords  a  striking  example  of  the  rapidity  with  which 
these  periodical  changes  sometimes  succeed  each  other.  This 
star  generally  appears  as  one  of  the  second  magnitude ;  but  an 
interval  of  seven  hours  occurs  at  the  expiration  of  every  sixty-two, 
during  the  first  three  hours  and  a  half  of  which  it  gradually 
diminishes  in  brightness  till  it  is  reduced  to  a  star  of  the  fourth 
majmitude,  and  during  the  remainder  of  the  interval  it  again 
irradually  increases  until  it  recovers  its  original  magnitude.  Thus, 
if  we  suppose  it  to  have  attained  its  maximum  splendour  at  mid- 
Diffht  on  the  first  day  of  the  month,  its  changes  would  be  as 
follows :  — 


o 


M.  D.      H.      M. 

oto2i4    olt  appears  of  second  magnitude. 
214     oto2i7  24lt  decreases  gradually  to  fourth  magnitude. 
2   17  24  to  2  20  48  It  increases  gradually  to  second  magnitude. 
2  20  48  to  5  10  48  It  appears  of  second  magnitude. 
fio48to5i4i2lt  decreases  to  fourth  magnitude. 
c   14.  12  to  5   17  36  It  increases  to  second  magnitude. 
^  &c.  &c.  &c. 

This  star  presents  an  interesting  example  of  its  class,  as  it  is 
constantly  visible,  and  its  period  is  so  short  that  its  succession  of 
phases  may  be  frequently  and  conveniently  observed.  It  is  situate 
near  the  foot  of  the  constellation  Andromeda,  and  lies  a  few  degrees 
north-east  of  three  stars  of  the  fourth  magnitude  which  form  a 
triangle. 

Goodricke,  who  discovered  the  periodic  phenomena  of  Algol  in 
1782,  explained  these  appearances  by  the  supposition  that  some 
opaque  body  revolves  round  it,  being  thus  periodically  interposed 
between  the  earth  and  the  star,  so  as  to  intercept  a  large  portion 
of  its  light 

The  more  recent  observations  on  this  star  indicate  a  decrease  of 
its  period,  which  proceeds  with  accelerated  rapidity.  Sir  J.  Her- 
schel  thinks  that  this  decrease  will  attain  a  limit,  and  will  be 
followed  by  an  increase,  so  that  the  variation  of  the  period  will 
prove  itself  to  be  periodic. 

The  stars  8  in  O^^  and  3  in  Lyra  are  remarkable  for  the 
regular  penodicity  of  their  lustre.  The  former  passes  from  its 
least  to  its  greatest  lustre  in  thirty-eight  hours,  and  from  ite  great- 
est to  its  least  m  nmety-one  hours.  The  changes  of  lustre  of  the 
latter,  accordmg  to  the  recent  observations  of  M.  Argelander,  are 
very  comphcated  and  curious.    Ite  entire  period  is  1 2  days  2 1  hrs. 
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53  min.  lo  sec.,  and  in  that  time  it  first  increases  in  lustre,  then 
decreases,  then  increases  again,  and  then  decreases,  so  that  it  has 
two  maxima  and  two  minima.  At  the  two  maxima  its  lustre  is 
that  of  a  star  of  the  3*4  magnitude,  and  at  one  of  the  minima  its 
lustre  is  that  of  a  star  of  the  4*3,  and  at  the  other  that  of  a  star  of 
the  4*5  magnitude. 

In  this  case  also  the  period  of  the  star  is  found  to  he  periodically 
variahle. 

687.  Table  of  tlie  periodic  stars.  —  Upwards  of  a  hundred 
stars  have  heen  discovered  to  he  periodicallj  varibble;  in  the 
following  tahle  will  he  found  a  list  of  those,  whose  limits  of 
variability  have  heen  determined  with  some  degree  of  accuracy. 
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The  maximum  and  minimum  extremes  of  lustre,  with  the  periods 
when  known,  are  given  in  the  preceding  table,  the  stars  being 
airanged  in  the  order  of  right  ascension.  The  numbers  are  prin- 
cipally extracted  from  the  lists  of  variable  stars  by  Mr.  Pogson.  — 
(See  Appendix,  Sl^.) 

In  the  case  of  many  of  these  stars,  the  variations  of  lustre  are 
subject  to  considerable  irregularities.  Thus  x  Cygni  was  scarcely 
visible  from  1 698  for  the  interval  of  three  years,  even  at  the  epochs 
when  it  ought  to  have  had  its  greatest  lustre.  The  extremes  of 
lustre  of  R  Scuti  are  also  very  variable  and  irregular.  In  general 
the  variations  of  b  CoronsB  aire  so  inconsiderable  as  to  be  scarcely 
perceivable,  but  they  become  sometimes  suddenly  so  great  that  the 
star  wholly  disappears.  The  variations  of  a  Orionis  were  very  con- 
spicuous from  1 836  to  1840,  and  again  in  1 849,  being  much  less 
so  in  the  intermediate  time. 

688.  B3rpotli0S0s  proposed  to  explain  tliese  phenomena. — 
Several  explanations  have  been  proposed  for  these  appearances. 

1 .  Sir  W.  Herschel  considered  that  the  supposition  of  the  ex- 
istence of  spots  on  the  stars  similar  to  the  spots  on  the  sim, 
combined  with  the  rotation  of  the  stars  upon  axes,  similar  to  the 
rotation  of  the  sun  and  planets,  afforded  so  obvious  and  satisfactory 
an  explanation  of  the  phenomena,  that  no  other  need  be  sought 

2.  Newton  conjectured  that  the  variation  of  brightness  might  be 
produced  by  comets  falling  into  distant  suns  and  causing  temporary 
conflagrations.  Waiving  any  other  objection  to  this  conjecture,  it 
is  put  aside  by  its  insufficiency  to  explain  the  periodicity  of  the 
phenomena. 

3.  Maupertius  has  suggested  that  some  stars  may  have  the  form 
of  thin  flat  disks,  acquired  either  by  extremely  rapid  rotation  on  an 
axis,  or  other  physical  cause.  The  ring  of  Saturn  affords  an  ex- 
ample of  this,  within  the  limits  of  our  own  system,  and  the  modem 
discoveries  in  nebular  astronomy  offer  other  examples  of  a  like 
form.  The  axis  of  rotation  of  such  a  body  might  be  subject  to 
periodical  change  like  the  nutation  of  the  earth's  axis,  so  that  the 
flat  side  of  the  luminous  disk  might  be  present  more  or  less  to- 
wards the  earth  at  different  times,  and  when  the  edge  is  so  pre- 
sented it  might  be  too  thin  to  be  visible.  Such  a  succession  of 
phenomena  is  actually  exhibited  in  the  cise  of  the  rings  of 
Saturn,  though  proceeding  from  different  causes. 

4.  Mr.  Dunn  •  has  conjectured  that  a  dense  atmosphere  sur- 
rounding the  stars,  in  different  parts  more  or  less  pervious  to  light, 
may  explain  the  phenomena.  This  conjecture,  otherwise  vague, 
indefinite,  and  improbable,  totally  fails  to  explain  the  periodicity  of 
the  phenomena. 

*  Philotophical  TVantaciionM,  voL  Hi. 
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5.  It  haa  been  suggested  that  the  periodical  obscuration  or  total 
disappearance  of  the  star  may  arise  from  transits  of  the  star  by  its 
attendant  planets.  The  transits  of  Venus  and  Mercury  are  the  basis 
of  this  conjecture. 

The  transits  of  none  of  the  planets  of  the  solar  system,  seen  from 
the  stars,  could  render  the  sun  a  periodic  star.  The  magnitudes, 
even  of  the  largest  of  them,  are  altogether  inuufEcient  for  such  an 
eHect.  To  this  objection  it  has  been  answered,  that  planets  of  vastly 
great  comparative  magnitude  may  revolve  round  other  suns.  But 
if  the  magnitude  of  a  planet  were  sufficient  to  produce  by  its  transit 
these  considerable  obscurations,  it  must  be  very  littie  inferior  to  the 
magnitude  of  the  sun  itself,  or  at  all  events  it  must  beai*  a  very 
considerable  proportion  to  the  magnitude  of  the  sun ;  in  which  case 
it  may  be  objected  that  the  predominance  of  attraction  necessary 
to  maintain  the  sun  in  the  centre  of  its  system  could  not  be 
secured.  To  this  objection  it  is  answered,  that  although  the  planet 
may  have  a  great  comparative  magnitude,  it  may  have  a  very  small 
comparative  density,  and  the  gravitating  attraction  depending  on 
the  actual  mass  of  matter,  the  pi*edominance  of  the  solar  mass  may 
be  i*endered  consistent  with  the  great  relative  magnitude  of  the 
planet  by  supposing  the  density  of  the  one  vastiy  greater  than  that 
cf  the  other.  The  density  of  the  sun  is  much  greater  than  the  den- 
sity of  Saturn. 

6.  It  has  been  suggested  that  there  may  be  systems  in  which  the 
central  body  is  a  planet  attended  by  a  lesser  sun  revolving  round  it 
as  the  moon  revolves  round  the  earth,  and  in  that  case  the  periodical 
obscuration  of  the  sun  maybe  produced  by  its  passage  once  in  each 
revolution  behind  the  central  planet. 

Such  are  the  various  conjectures  which  have  been  proposed  to 
explain  the  periodic  stars ;  and  as  they  are  merely  conjectui*es, 
scarcely  deserving  the  name  of  hypotheses  or  theories,  we  shall  leave 
them  to  be  taken  for  what  they  are  worth. 

II.   TEMP0RA.RT  STABS. 

Phenomena  in  most  respects  similar  to  those  just  described,  but 
exhibiting  no  recurrence,  repetition,  or  periodicity,  have  been  ob- 
served in  many  stars.  Thus,  stars  have  from  time  to  time  appeared 
in  vaiious  parts  of  the  firmament,  have  shone  with  extraordinary 
splendour  for  a  limited  time,  and  have  then  disappeared  and  have 
never  again  been  observed. 

689.  Temporary  stars  seen  in  ancient  times. — The  first  star 
of  this  class  which  has  been  recorded,  is  one  observed  by  Ilipparchus, 
125  B.C.,  the  disappearance  of  which  is  said  to  have  led  that  as- 
tronomer to  make  his  celebrated  catalogue  of  the  fixed  stars:  a  work 
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which  has  proved  in  modem  times  of  great  value  and  interest.  In* 
the  389th  year  of  our  era,  a  star  blazed  forth  near  a  AquUa,  which 
shone  for  three  weeks^  appearin&r  as  splendid  as  the  planet  Venus, 
after  which  it  disappeared  and  has  never  since  been  seen.  In  the 
years  945,  1 264,  and  1572,  brilliant  stars  appeared  between  the 
constellations  of  Cepheua  and  Cassiopeia,  The  accounts  of  the  posi- 
tions of  these  objects  are  obscure  and  uncertain,  but  the  intervals 
between  the  epochs  of  their  appearances  being  nearly  equal,  it  has 
been  conjectured  that  they  were  successive  returns  of  the  same 
periodic  star,  the  period  of  which  is  about  300  years,  or  possibly 
half  that  interval. 

The  appearance  of  the  star  of  1 572  was  very  remarkable,  and 
having  been  witnessed  by  the  most  eminent  astronomers  of  that  day, 
the  account  of  it  may  be  considered  to  be  well  entitled  to  confidence; 
Tycho  Brake,  happening  to  be  on  his  return  on  the  evening  of  the 
1  ith  of  November  from  his  laboratory  to  his  dwelling-house,  found 
a  crowd  of  peasants  gazing  at  a  star  which  he  was  sure  did  not  exist 
half  an  hour  before.  This  was  the  temporary  star  of  1572,  which 
was  then  as  bright  as  Slrius,  and  continued  to  increase  in  splendour 
until  it  surpassed  Jupiter  when  that  planet  is  most  brilliant,  and 
finally  it  attained  such  a  lustre  that  it  was  visible  at  mid-day.  It 
began  to  diminish  in  December,  and  altogether  disappeared  in  March, 

1574- 

On  the  loth  of  October,  1604,  a  splendid  star  suddenly  burst 
out  in  the  constellation  of  Set-pnUanuSj  which  was  as  bright  as 
that  of  1572.  It  continued  visible  till  October,  1605,  when  it 
vanished. 

690.  Temporary  star  observed  by  Mr.  Bind. — A  star  of  the 
fifth  magnitude,  easily  visible  to  the  naked  eye,  was  seen  by  Mr. 
Hind  in  the  constellation  of  Ophiuchus,  on  the  night  of  the  28th 
of  April,  1 848.  From  the  perfect  acquaintance  of  that  obser^'er 
with  the  region  of  the  firmament  in  which  he  saw  it,  he  was  quite 
certain  that,  previous  to  the  5th  of  April,  no  star  brighter  than  those 
of  the  ninth  magnitude  had  been  there,  nor  is  there  any  star  in  the 
catalogues  at  all  corresponding  to  that  which  he  saw  there  on  the 
28th.  This  star  continued  to  be  observed  at  the  Royal  Observatory, 
Greenwich,  until  the  year  1851.  On  the  17th  of  June,  its  mag- 
nitude was  estimated  about  the  fourteenth,  being  too  faint  for  the 
usual  meridional  observation.  Since  this  time  it  does  not  appear 
to  have  been  again  observed. 

691.  MUsinv  stars. — To  the  class  of  temporary  stars  may  be 
referred  the  cases  of  numerous  stars  which  have  disappeared  from 
the  firmament.  On  a  careful  examination  of  the  heavens,  and  a 
comparison  of  the  objects  observed  with  former  catalogues,  and  of 
catalogues  ancient  and  modem  with  each  other,  many  stars  for<» 
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jnerly  known  are  now  ascertained  to  be  missing ;  and  although,  as 
Sir  John  Herschel  observes,  there  is  no  doubt  that  in  many  in- 
stances these  apparent  losses  have  proceeded  from  mistaken  entries, 
yet  it  is  equally  certain  that  in  numerous  cases  there  can  have 
been  no  mistake  in  the  observation  or  the  entry,  and  that  the  star 
has  really  existed  at  a  former  epoch,  and  as  certainly  has  since 
disappeared. 

When  we  consider  the  vast  length  of  many  of  the  periods  of 
astronomical  phenomena,  it  is  far  from  being  improbable  that  these 
phenomena  which  seem  to  be  occasional,  accidental,  and  springing 
from  the  operation  of  no  regular  physical  causes,  such  as  those  in- 
dicated by  the  class  of  variable  stars  first  considered,  may  after 
all  be  periodic  stairs  of  the  same  kind,  whose  appearances  and  dis- 
appearances are  brought  about  by  similar  causes.  All  that  can  be 
certainly  known  respecting  them  is,  that  they  have  appeared  or 
disappeared  once  in  that  brief  period  of  time  within  which  astro- 
nomical observations  have  been  made  and  recorded.  If  they  be 
periodic  stars,  the  length  of  whose  period  exceeds  that  interval, 
their  changes  could  only  have  been  once  exhibited  to  us,  and  after 
ages  have  rolled  away,  and  time  has  converted  the  future  into  the 
past,  astronomers  may  witness  the  next  occurrence  of  their  phases, 
and  discover  that  to  be  regular,  harmonious,  and  periodic^  which 
appears  to  us  accidental,  occasional,  and  anomalous. 

in.   DOUBLE  STARS. 

When  the  stars  are  examined  individually  by  telescopes  of  a 
certain  power,  it  is  found  that  many  which  to  the  naked  eye 
appear  to  be  single  stars  are  in  reality  two  stars  placed  so  close  to- 
gether that  they  appear  as  one.     These  are  called  dovble  stars. 

692.  Sesearohes  of  Sir  "VT.  and  Sir  J.  Bersohel.  —  A  very 
limited  number  of  these  objects  had  been  discovered  before  the 
telescope  had  received  the  vast  accession  of  power  which  was  given 
to  it  by  the  labour  and  genius  of  Sir  William  Herschel.  That 
astronomer  observed  and  catalogued  500  double  stars ;  and  subse- 
quent observers,  among  whom  his  son.  Sir  John  Herschel,  holds 
Uie  foremost  place,  have  augmented  the  number  to  6000. 

693.  Stan  optically  doable.  —  The  close  apparent  juxta- 
position of  two  stars  on  the  firmament  is  a  phenomenon  which 
might  be  easily  explained,  and  which  could  create  no  surprise. 
Such  an  appearance  would  be  produced  by  the  accidental  circum- 
stance of  the  lines  of  direction  of  the  two  stars  as  seen  from  the 
earth,  forming  a  very  small  angle,  in  which  case,  although  the  two 

BtATB  might  in  reality  be  as  fai  removed  from  each  other  as  any 
fitars  in  the  heavens,  they  would  iie\etl\v€V^aa  oj^pear  Otfii»\a^'Cwst* 
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The^.  981  will  render  this  easily  understood.  I^et  a  and  b  be  the 
two  stars  seen  from  c.  The  stai-  a  will  be  seen  relatively  to  6,  as 
if  it  were  at  d,  and  the  two  objects  will  seem  to  be  in  close  juxta- 
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position ;  and  if  the  angle  under  the  lines  c  a  and  c  6  be  less  than 
the  sum  of  the  apparent  semidiameters  of  tlie  stars,  they  would 
actually  appear  to  touch. 

694^  Tliifl  sappositloii  not  generally  admissible. — If  such 
objects  were  few  in  number,  this  mode  of  explaining  them  might 
be  admitted ;  and  such  may,  in  fact,  be  the  cause  of  the  pheno- 
menon in  some  instances.  The  chances  against  such  proximity  of 
the  lines  of  direction  are  however  so  great  as  to  be  utterly  incom- 
patible with  the  vast  number  of  double  stars  that  have  been  dis- 
covered, even  were  there  not,  as  there  is,  other  conclusive  proof 
that  this  proximity  and  companionship  is  neither  accidental  nor 
merely  apparent,  but  that  the  connection  is  real,  and  that  the  ob- 
jects are  united  by  a  physical  bond  analogous  to  that  which 
attaches  the  planets  to  the  sun. 

But  apart  from  the  proofs  of  real  proximity  which  exist  respect- 
ing many  of  the  double  stars,  and  which  will  presently  be  explained, 
it  has  been  shown  that  the  probability  against  mere  optical  juxta- 
position such  as  that  described  above  is  idmost  infinite.  Professor 
Struve  has  shown  that,  taking  the  number  of  stars  whose  existence 
has  been  ascertained  by  observation  down  to  the  7th  magnitude 
inclusive,  and  supposing  them  to  be  scattered  fortuitously  over  the 
entire  firmament,  the  chances  against  any  two  of  them  hanng  a 
position  so  close  to  each  other  as  4"  would  be  9570  to  i.  But 
when. this  calculation  was  made,  considerably  more  than  100  cases 
of  such  duple  juxtaposition  were  ascertained  to  exist.  The  same 
astronomer  also  calculated  that  the  chances  against  a  third  star 
falling  within  32''  of  the  first  two  would  be  173,524  to  onej 
yet  the  firmament  presents  at  least  four  such  triple  combinations. 

Among  the  most  striking  examples  of  double  stars  may  be 
mentioned  the  bright  star  Castor f  which,  when  sufficiently  magni- 
fied, is  proved  to  consist  of  two  stars  between  the  third  and  fourth 
magnitudes,  within  five  seconds  of  each  other.  There  are  many, 
however,  which  are  separated  by  intervida  \ft%a  \}£k>ssi  ov^a  ^ftRSs\A\ 
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such  as  ff  Arietis,  Atlas  Fleiadum,  y  Cor<ma,  i;  and  {*  HercuUs,  and 
T  and  X  Ophiuchi, 

695.  JLririimeiit  against  mere  optloal  doable  stars  derived 
firom  tlieir  proper  motloii. —  .\nother  argument  against  the  sup- 
position of  mere  fortuitous  optical  juxtaposition,  unattended  by 
any  physical  connection,  is  derived  from  a  circumstance  which  will 
be  fully  explained  hereafter.  Certain  stars  haye  been  ascertained 
to  have  a  proper  motion^  that  is,  a  motion  exclusiyelj  belonging 
to  each  individual  star,  in  which  the  stars  around  it  do  not  parti- 
cipate. Now,  some  of  the  double  stars  have  such  a  motion.  If 
one  individual  of  the  pair  were  affected  by  a  proper  motion,  in 
which  the  other  does  not  participate,  their  separation  at  some 
subsequent  epoch  would  become  inevitable,  since  one  would  neces- 
sarily move  away  from  the  other.  Now,  no  such  separation  has 
in  any  instance  been  witnessed.  It  follows,  therefore,  that  the 
proper  motion  of  one  equally  affects  the  other,  and  consequently, 
that  their  juxtaposition  is  real  and  not  merely  optical. 

696.  8tniTe*s  classiflcatloii  of  doable  stars.  —  The  sys- 
tematic observation  of  double  stars,  and  their  reduction  to  a  c*ita- 
logue  with  individual  descriptions,  commenced  by  Sir  W.  Herschel, 
has  been  continued  with  great  activity  and  success  by  Sir  J. 
Herschel,  Sir  J.  South,  and  Professor  Struve,  so  that  the  number 
of  these  objects  now  known,  as  to  character  and  position,  amounts 
to  several  thousand,  the  individuals  of  each  pair  being  less  than 
32"  asimder.  They  have  been  classed  by  Professor  Struve  ac- 
cording to  their  distances  asimder,  the  first  class  being  separated 
by  a  distance  not  exceeding  i",  the  second  between  i"  and  2", 
the  third  between  2"  and  4",  the  fourth  between  4"  and  8",  the 
fifth  between  8"  and  12",  the  sixth  between  12"  and  16",  the 
seventh  between  16"  and  24",  and  the  eighth  between  24'' 
and  32". 

697.  Belectton  of  doable  stars. —  The  double  stars  in  the  fol- 
lowing Table  have  been  selected  by  Sir  J.  Herschel  from  Struve's 
catalogue,  a3  remarkable  examples  of  each  class  well  adapted  for 
observations  by  amateurs,  who  may  be  disposed  to  try  by  them 
the  efficiency  of  telescopes.     {See  next  page.) 

698.  Coloored  doable  stars. —  One  of  the  characters  observed 
among  the  double  stars  is  the  frequent  occurrence  of  stars  of 
different  colours  found  together.  Sometimes  these  colours  are 
complementary  (0.  185);  and  when  this  occurs,  it  is  possible 
that  the  fainter  of  the  two  may  be  a  white  star,  which  appears  to 
have  the  colour  complementary  to  that  of  the  more  brilliant,  in 
consequence  of  a  well-understood  law  of  vision,  by  which  the 

retina  being  highly  excited  by  light  of  a  particular  colour  is  ren- 
dered  inaenaible  to  lesB  intenBQ  \\^\il;.  oi  \)ici^  «»ssis^  colour,  so  that 
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699.  Triple  and  otlier  multiple  stars. 
the  greatest  efficiency  are  directed  upon  son 
ordinaiy  instruments  appear  only  double,  tl 
three  or  more  stars.   In  some  cases  one  of  th 
is  double,  so  that  the  entire  combination  is 
are  double,  the  whole  being,  therefore,  a  qi 
ample  of  this  latter  class  is  presented  bj  th 
times  the  third  star  is  much  smaller  than 
example,  in  the  cases  of  f  Cancri,  {  Scorpii 
12  Lyncis.     In  others,  as 
component  stars  are  all  com 
700.  Attempts  to  disc 
rallaz  by  double  stars.— 
astronomers  was  first  attn 
it  was  thought  they  would  1 
means  of  determining  the 
thereby  discovering  the  dif 
we    suppose    the  two    ind 
double  star,  being  situate  vi 
direction  as  seen  from  th( 
different  distances,  it  might 
apparent  relative  position  "w 
seasons  of  the  year,  by  rea 

DOsition  of  thp  f»*irtii 
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the  one  star  would  thus  appear  either  to  revolve  annually  round 
the  other,  or  would  oscillate  semi-annually  firom  side  to  side  of 
the  other.  The  extent  of  its  play  compared  with  the  diameter  c  s 
of  the  earth's  orhit,  would  supply  the  data  necessary  to  determine 
the  proportion  which  the  distance  of  the  stars  would  bear  to  that 
diameter. 

The  great  problem  of  the  stellar  parallax  seemed  thus  to  be  re- 
duced to  the  measurement  of  the  small  interval  between  the  indi- 
viduals of  double  stars;  and  it  happened  fortunately,  that  the 
micrometers  used  in  astronomical  instruments  were  capable  of 
measuring  these  minute  angles  with  much  greater  relative  accuracy 
thaik  could  be  attained  in  the  observations  on  greater  angular  dis- 
tances. To  these  advantages  were  added  the  absence  of  all  possible 
errors  arising  from  refraction,  errors  incidental  to  the  graduation  of 
instruments,  from  uncertainty  of  levels  and  plumb-lines,  &om  all 
estimations  of  aberration  and  precession ;  in  a  word,  from  all  effects 
which,  equally  affecting  both  the  individual  stars  observed,  could 
not  interfere  with  the  results  of  the  observations,  whatever  they 
might  be. 

701.  ObsarvatlonaofBir'vr.Bersoliel.— These  considerations 
raised  great  hopes  among  astronomers,  that  the  means  were  in  their 
hands  to  resolve  finally  the  great  problem  of  the  stellar  parallax, 
and  Sir  William  Herschel  accordingly  engaged,  with  all  his  char- 
acteristic ardour  and  sagacity,  in  an  extensive  series  of  observations 
on  the  numerous  double  stars,  for  the  original  discovery  of  which 
science  was  already  so  deeply  indebted  to  his  labours.  He  had  not, 
however,  proceeded  far  in  his  researches,  when  phenomena  un- 
folded themselves  before  him,  indicating  a  discovery  of  a  much 
higher  order  and  interest  than  that  of  the  parallax  which  he  sought. 
He  found  that  the  relative  position  of  the  individuals  of  many  of 
the  double  stars  which  he  examined  were  subject  to  a  change,  but 
that  the  period  of  this  change  had  no  relation  to  the  period  of  the 
earth's  motion.  It  is  evident  that  whatever  appearances  can  pro- 
ceed from  the  earth's  annual  motion,  must  be  not  only  periodic  and 
regular,  but  must  pass  annually  through  the  same  series  of  phases, 
always  showing  the  same  phase  on  each  return  of  the  same  epoch 
of  the  sidereal  year.  In  the  changes  of  position  which  Sir 
William  Herschel  observed  in  the  double  stars,  no  such  series  of 
phases  presented  themselves.  Periods,  it  is  true,  were  soon 
developed ;  but  these  periods  were  regulated  by  intervals  which 
neither  agreed  with  each  other  nor  with  the  earth's  annual 
motion. 

702.  BU  dlaoovery  of  binary  stars. — Some  other  explanation 
of  the  phenomena  must,  therefore,  be  sought  for ;  and  the  illustrious 
observer  soon  arrived  at  the  conclusion,  that  these  apparent  changes 
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of  position  were  due  to  real  motions  in  the  stars  themselves ;  that 
these  stars,  in  fact,  moved  in  proper  orhits  in  the  same  manner  as 
the  planets  moved  around  the  sun.  The  slowness  of  the  succession 
of  changes  which  were  observed,  rendered  it  necessary  to  watch 
their  progress  for  a  long  period  of  time  before  their  motions  could 
be  certainly  or  accurately  known ;  and  accordingly,  although  these 
researches  were  commenced  in  1778,  it  was  not  until  the  year 
1 803  that  the  observer  had  collected  data  sufficient  to  justify  any 
positive  conclusion  respecting  their  orbital  motions.  In  that  and 
the  following  year.  Sir  William  Herschel  annoimced  to  the  Royal 
Society,  in  two  memorable  papers  read  before  that  body,  that  there 
exist  sidereal  systems  consisting  of  two  stars  revolving  about  each 
other  in  regular  orbits,  and  constituting  what  he  called  binary  stars, 
to  distinguish  them  from  double  stars,  generally  so  called,  in  which 
no  such  periodic  change  of  position  is  discoverable.  Both  the  indi- 
viduals of  a  binary  star  are  at  the  same  distance  from  the  eye  in 
the  same  sense  in  which  the  planet  Uranus  and  its  attendant 
satellites  are  said  to  be  at  the  same  distance. 

More  recent  observation  has  fully  confirmed  these  remarkable 
discoveries.  In  1 866,  Mr.  Brothers  published  a  catalogue  of  1 5  5 
stars  of  this  class,  and  since  that  time  many  more  have  been  dis- 
covered, every  year  increasing  the  number.  Most  of  these  stars 
require  the  best  telescopes  for  their  observatiou,  being  generally 
80  close  as  to  require  very  high  magnifying  powers. 

703.  Bztension  of  tlie  law  of  ffravltatlon  to  tlie  stani. — The 
moment  the  revolution  of  one  star  roimd  another  was  ascertained, 
the  idea  of  the  possible  extension  of  the  great  principle  of  gravita- 
tion to  these  remote  regions  of  the  universe  natundly  suggested 
itself.  Newton  has  proved  in  his  Principia,  that  if  a  body  revolve  in 
an  ellipse  by  an  attractive  force  directed  to  the  focus,  that  force 
will  vary  according  to  the  law  which  characterises  gravitation. 
Thus  an  elliptical  orbit  became  a  test  of  the  presence  and  sway  of 
the  law  of  gravitation.  If,  then,  it  could  be  ascertained  that  the 
orbits  of  the  double  stars  were  ellipses,  we  should  at  once  arrive 
at  the  fact  that  the  law  of  which  the  discovery  conferred  such 
celebrity  on  the  name  of  Newton,  is  not  confined  to  the  solar 
system,  but  prevails  throughout  the  imiverse. 

704.  Orbit  of  star  aronnd  star  elliptlo. —  The  first  distinct 
system  of  calculation  by  which  the  true  elliptic  elements  of  the 
orbit  of  a  binary  star  were  ascertained,  was  supplied  in  1830,  by 
M.  Savarv,  who  showed  that  the  motion  of  one  of  the  most  re- 
markable of  these  stars  (J,  Ursa:  majoris)  indicated  an  elliptic 
orbit  described  in  58  J  years.  Professor  Encke,  by  another  process, 
arrived  at  the  fact  that  the  star  70  Ophiuchi  moved  in  an  ellipse 
with  a  period  of  74  years.    Several  other  orbits  were  ascertained 
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and  computed  by  Sir  John  Herschel,  MM.  Madler^  Hind^  Smytb^ 
and  others. 

70$.  Bemarkable  ease  of  y  VtrffinU.—  The  most  remarkable 
of  these,  according  to  Sir  John  Herschel,  is  7  Virgmis  :  not  only 
on  account  of  the  length  of  its  period,  but  by  reason  also  of  the 
great  diminution  of  apparent  distance  and  rapid  increase  of  angular 
motion  about  each  other,  of  the  indiyiduals  composing  it.  It  is 
a  bright  star  of  the  fourth  magnitude,  and  its  component  stars  are 
almost  exactly  equal.  It  has  been  known  to  consist  of  two  stars 
since  the  beginning  of  the  eighteenth  century,  their  distance  being 
then  between  six  and  seven  seconds ;  so  that  any  tolerably  good 
telescope  would  resolve  it.  Since  that  time  they  have  been  in 
conjunction,  so  that  no  telescope  that  was  not  of  very  superior 
quidity  was  competent  to  show  them  otiierwise  than  as  a  single 
star  somewhat  lengthened  in  one  direction.  At  the  present  time 
the  stars  have  passed  each  other,  their  angular  distance  being 
about  four  seconds.  It  fortunately  happens  that  Bradley,  in  1718, 
noticed  and  recorded,  in  the  margin. of  one  of  his  observation- 
books,  the  apparent  direction  of  their  line  of  junction  as  being 
parallel  to  that  of  two  remarkable  stars  a  and  S  of  the  same  con- 
stellation, as  seen  by  the  naked  eye.  They  are  entered  also  as 
distinct  stars  in  Mayer's  catalogue ;  and  this  affords  also  another 
means  of  recovering  their  relative  situation  at  the  date  of  his  ob- 
servations, which  were  made  about  the  year  1 756.  Without 
particularising  individual  measurements,  which  will  be  found  in 
their  proper  repositories,  it  will  suffice  to  remaik,  that  their  whole 
series  is  represented  by  an  ellipse. 

706.  Blnrular  phenomena  prodooed  by  one  solar  sjstem 
thns  revolTlnr  ronnd  anotl&er.  —  To  understand  the  curious 
effects  which  must  attend  the  case  of  a  lesser  sun  with  its  attend- 
ant planets  revolving  round  a  greater,  let  the  larger  sun,^.  100, 
with  its  planets  be  represented  as  s,  in  the  focus  of  an  ellipse,  in 
which  the  lesser  sun  accompanied  by  its  planets  moves.  At  ▲  this 
latter  sun  is  in  its  perihelion,  and  nearest  to  the  greater  sim  8. 
Moving  in  its  periodical  course  to  B,  it  is  at  its  mean  distance  from 
the  sun  s.  At  D  it  is  at  aphelion,  or  its  most  distant  point,  and 
finally  returns  through  c  to  its  perihelion  a.  The  sun  8,  because 
of  its  vast  distance  from  the  system  A,  would  appear  to  the  in- 
habitants of  the  planets  of  the  system  A  much  smaller  than  their 
proper  sim ;  but,  on  the  other  hand,  this  effect  of  distance  would 
be  to  a  certain  extent  compensated  by  its  greatly  superior  magni- 
tude ;  for  analogy  justifies  the  inference  that  the  sun  8  is  greater 
than  the  sun  a  in  a  proportion  equal  to  that  of  the  magnitude  of 
our  sun  to  one  of  the  planets.  The  inhabitants  of  the  planets  of 
the  system  a  wiU  then  behold  the  spectacle  of  two  suns  in  their 
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finnameDl    The  aimiud  motion  of  one  of  these  sons  will  be  de- 
tennined  bj  the  motion  of  the  planet  itself  in  its  oibit,  bat  that  of 

the  other  and  more  distant 

sun  will  be  detennined  bj 
the  period  of  the  leaser  son 
around  the  greater  in  the 
orbit  A  B  D  c.  The  rotation 
of  the  planets  on  their  axes 
will  produce  two  days  of 
equal  length,  but  not  com- 
mencing or  ending  simalta- 
neouslj.  There  will  be  in 
general  ttoo  sunrises  and  two 
sunsets/  When  a  planet  is 
situate  in  the  part  of  its 
orbit  between  the  two  suns, 
there  will  be  no  night.  The 
two  suns  will  then  be  placed 
exactly  as  our  sun  and  moon 
are  placed  when  the  moon  is 
fulL  Wlien  the  one  sun  sets, 
the  other  will  rise ;  and  when 
the  one  rises,  the  other  will 
set.  There  will  be,  therefore, 
continual  day.  On  the  other 
hand^  when  a  planet  is  at  such 
a  part  of  its  orbit  that  both 
suns  lie  in  nearly  the  same 
direction  as  seen  from  it, 
both  suns  will  rise  and  both 
will  set  together.  There  will  ■ 
then  be  the  ordinary  alternation  of  day  and  night  as  on  the  earth, 
but  the  day  will  have  more  than  the  usual  splendour,  being  en- 
lightened by  two  suns. 

In  all  intermediate  seasons  the  two  suns  will  rise  and  set  at 
different  times.  During  a  part  of  the  day  both  will  be  seen  at 
once  in  the  heavens,  occupying  different  places,  and  reaching  the 
meridian  at  different  times.  There  will  be  tico  noons.  In  the 
morning  for  some  time,  more  or  less,  according  to  the  season  of  the 
year,  one  sun  only  will  be  apparent,  and  in  like  manner,  in  the 
evening,  the  sun  which  first  rose  will  be  the  first  to  set,  leaving  the 
dominion  of  the  heavens  to  its  splendid  companion. 

The  diurnal  and  annual  phenomena  incidental  to  the  planets 
attending  the  central  sun  8  will  not  be  materially  different,  except 
that  to  them  the  two  suns  will  have  extremely  different  magni- 
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tudes,  and  will  afford  proportionally  different  degrees  of  light. 
The  lesser  sun  will  appear  much  smaller,  both  on  account  of  its 
really  inferior  magnitude  and  its  vastly  greater  distance.  The  two 
days,  therefore,  when  they  occur,  will  be  of  very  different  splendour, 
one  being  probably  as  much  brighter  than  the  other  as  the  light  of 
noonday  is  to  that  of  full  moonlight,  or  to  that  of  the  morning  or 
evening  twilight. 

But  these  singular  vicissitudes  of  light  will  become  still  more 
striking  when  the  two  suns  diffuse  light  of  different  colours.  Let 
us  examine  the  very  common  case  of  the  combination  of  a  crimson 
with  a  blue  sxm.  In  general,  they  will  rise  at  different  times. 
When  the  blue  rises,  it  will  for  a  time  preside  alone  in  the  heavens, 
diffusing  a  blue  morning.  Its  crimson  companion,  however,  soon 
appearing,  the  lights  of  both  being  blended,  a  white  day  will  fol- 
low. As  evening  approaches,  and  the  two  orbs  descend  toward 
the  western  horizon,  the  blue  sun  will  iirst  set,  leaving  the  crimson 
one  alone  in  the  heavens.  Thus  a  ruddy  evening  closes  this  curious 
Buccession  of  varying  lights.  As  the  year  rolls  on,  these  changes 
will  be  varied  in  every  conceivable  manner.  At  those  seasons 
when  the 'suns  are  on  opposite  sides  of  a  planet,  crimson  and  blue 
days  will  alternate,  without  any  intervening  night;  and  at  the 
intermediute  epochs  all  the  various  intervals  of  rising  and  setting 
of  the  two  suns  will  be  exhibited. 

707.  Maffnltudes  of  tlie  stellar  orbits.  —  It  is  evident  that 
in  any  case  in  which  the  parallax  of  a  binary  star,  and  conse- 
quently its  distance  from  our  system,  has  been  or  may  be  discovered, 
the  magnitude  of  the  orbit  of  one  described  round  the  other,  can 
be  detennined  with  a  precision  and  certainty  proportional  to  those 
with  which  the  parallax  is  known.  For,  in  that  case,  the  linear 
value  of  1"  at  the  star  will  be  found  by  dividing  the  earth's  dis- 
tance from  the  sun  by  the  parallax  expressed  in  seconds. 

The  binary  stars  61  Cf/f/ni  and  ft  Centauri  supply  examples  of 
the  application  of  this  principle.  The  parallax  of  these  stars  has 
been  ascertained  (171).  That  of  61  Cygni  is  0*348,  and  the 
semi-axis  of  the  elliptic  orbit  of  one  star  round  the  other  is  1 5  "'5. 
The  semidiameter  of  the  earth's  orbit  being  D,  therefore,  the  linear 

value  of  l''  at  the  star  is ,  and  the  semi-axis  a  of  the  stellar 

0348' 

orbit  is 

0348 

It  appears,  therefore,  that  the  semi-axis  of  the  orbit  is  greater  than 
that  of  Neptune's  orbit  in  the  ratio  of  3  to  2. 
The  angle  subtended  by  the  semi-axis  of  the  elliptic  orbit 
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of  a  Centauii  U  not  so  certainly  known,  but  is  taken  to  be 
about  I2'^  Tbe  parallax  of  this 'star  being  o"-976,  we  should 
then  have 

a  =  D  X  -i^  =  1 2-30  D. 

0976  * 

The  semi-axis  of  the  stellar  orbit  would,  therefore,  be  rather  more 
than  one-quarter  greater  than  that  of  the  orbit  of  Saturn. 


IT.   PROPER  MOnOK  OF  THE  STARS. 

708.  Tlie  atam  not  absolutely  flxeO.  —  In  common  parlance 
the  stars  are  said  to  hejixed.  They  have  received  this  epithet  to 
distinguish  them  from  the  planets,  the  sun,  and  the  moon,  all  of 
which  constantly  undergo  changes  of  apparent  position  on  the 
surface  of  the  heavens.  The  stars,  on  the  contrary,  so  far  as  the 
powers  of  the  eye  unaided  by  art  can  discover,  never  change  their 
relative  position  in  the  firmament,  which  seems  to  be  carried  round 
us  by  the  diurnal  motion  of  the  sphere,  just  as  if  the  stai-s  were 
attached  to  it,  and  merely  shared  in  its  apparent  motion. 

But  the  stars,  though  subject  to  no  motion  perceptible  to  the 
naked  eye,  are  not  absolutely  fixed.  When  the  place  of  a  star  on 
tbe  heavens  is  exactly  observed  by  means  of  good  astronomical 
instruments,  it  is  found  to  be  subject  to  a  change  from  month  to 
month  and  from  year  to  year,  small  indeed,  but  still  easily 
observed  and  certainly  ascertained. 

709.  The  aun  not  a  fixed  oentre.  —  It  has  been  demonntrated 
by  Laplace,  that  a  system  of  bodies,  such  as  the  solar  system, 
placed  in  space  and  submitted  to  no  other  continued  force  except 
the  reciprocal  attractions  of  the  bodies  which  compose  it,  must 
either  have  its  common  centre  of  gravity  stationary  or  in  a  state 
of  uniform  rectilinear  motion. 

710.  BIfeot  of  tl&e  Bun's  supposed  motion  on  tl&e  apparent 
places  of  the  stars.  —  The  chances  against  the  conditions  which 
would  render  the  sun  stationary,  compared  with  those  which 
would  give  it  a  motion  in  sojfie  direction  with  some  velocity,  are  so 
numerous  that  we  may  pronounce  it  to  be  morally  certain  that  our 
system  is  in  motion  in  some  determinate  direction  through  the 
universe.  Now,  if  we  suppose  the  sun  attended  by  the  planets 
to  be  thus  moved  through  space  in  any  direction,  an  observer 
placed  on  the  earth  would  see  the  effects  of  such  a  motion,  as  a 
spectator  in  a  steamboat  moving  on  a  river  would  perceive  his 
progressive  motion  on  the  stream  by  an  apparent  motion  of  the 
banks  in  a  contrary  direction.  The  observer  on  the  earth  would, 
therefore,  detect  such  a  motion  of  the  solar  system  through  space 
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by  the  apparent  motion  in  the  contrary  direction  with  which  the 
stars  would  he  affected. 

Such  a  motion  of  the  solar  system  would  affect  different  stars 
differently.  All  would^  it  is  true,  appear  to  he  affected  hy  a 
contrary  motion,  hut  all  would  not  be  equally  affected.  The 
nearest  would  appear  to  have  the  most  perceptible  motion,  the 
more  remote  would  be  affected  in  a  less  degree,  and  some  might, 
from  their  extreme  distance,  be  so  slightly  affected  as  not  to  exhibit 
any  apparent  change  of  place,  even  when  examined  with  the  most 
delicate  instruments.  To  whatever  degree  each  star  might  be 
affected,  all  the  changes  of  position  would,  however,  apparently 
take  place  in  the  same  direction. 

The  apparent  effects  would  also  be  exhibited  in  another  manner. 
The  stars  in  that  region  of  the  universe  toward  which  the  motion 
of  the  system  is  directed,  would  appear  to  recede  from  each  other. 
The  spaces  which  separate  them  would  seem  to  be  gradually  aug- 
mented, while,  on  the  contrary,  the  stars  in  the  opposite  quarter 
would  seem  to  be  crowded  more  closely  together,  the  distances 
between  star  and  star  being  gradually  diminished.  This  will  be 
more  clearly  comprehended  hyjig,  loi. 

Let  the  line  s  s'  represent  the  direction  of  the  motion  of  the 
system,  and  let  s  and  s'  represent  its  positions  at  any  two  epochs. 


Fig.  loi. 


At  8,  tlie  stars  ABC  would  be  separated  by  intervals  measured  by 
the  angles  A  8  B,  and  B  8  c,  while  at  s'  they  would  appear  separated 
by  the  lesser  angles  a  s'  b,  and  B  s'  c.  Seen  from  s',  the  stars  a  B  c 
would  seem  to  be  closer  together  than  they  were  when  seen  from 
8.  For  like  reasons  the  stars  ah  c,  towards  which  the  system  is 
here  supposed  to  move,  would  seem  to  be  closer  together  when  seen 
from  8,  than  when  seen  from  8^  Thus,  in  the  quarter  of  the 
heavens  towards  which  the  system  is  moving,  the  stars  might  be 
expected  to  separate  gradually,  while  in  the  opposite  quarter  they 
would  become  more  condensed.  In  all  the  intermediate  parts  of 
the  heavens  they  would  be  affected  by  a  motion  contrary  to  that  ol 
the  solar  system.  Such  in  general  would  be  the  effects  of  a  pro- 
gressive motion  of  our  system. 
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711.  IBottoB  of  tbe  Mui  Inferred  from  tbe  proper  meUea 
of  tlie  Otero.  —  Althoogli  no  general  effect  of  this  kiiid  has  been 
manifested  in  any  con^icuoua  manner  among  ^e  fixed  atan^  many 
of  these  objects  have  been  found,  in  long  periods  of  time,  to  have 
shifted  their  position  in  a  very  sensible  degree.  Thus,  for  example, 
the  three  stars,  Sinus,  Arcturus,  and  Aldebarao,  have  undergone, 
since  the  time  of  Hipparchus  (i  50  B.  c.),  a  change  of  position 
southwards,  amounting  to  considerably  more  than  half  a  ^egree. 
The  double  star  6 1  Cygni  has,  in  half  a  century,  moved  througb 
nearly  4^*5,  ^e  two  stars  composing  it  being  carried  along  in  paraUel 
lines  with  common  velocity.  The  stars  t  Indi  and  fi  Cassiopeiie 
move  at  the  rate  of  7"74  and  3  "74  annually. 

Various  attempts  have  been  made  to  render  these  and  other  like 
changes  of  apparent  position  of  the  fixed  stars  compatible  with 
some  assumed  motion  of  the  sun.  Sir  W.  Herschel,  in  1783, 
reasoning  upon  the  proper  motions  which  had  then  been  observed, 
arrived  at  the  conclusion,  that  such  appearances  might  be  explained 
by  supposing  that  the  sun  has  a  motion  directed  to  a  point  near 
the  star  X  Herculis.  About  the  same  time,  M.  Prevost  came  to  a  like 
conclusion,  assigning,  however,  the  direction  of  the  supposed  motion 
to  a  point  differing  by  27^  from  that  indicated  by  Sir  W.  Herschel. 

Since  that  epoch  the  proper  motions  of  the  stars  have  been  more 
extensively  and  accurately  observed,  and  calculations  of  the  motion 
of  the  sun  which  they  indicate,  have  been  made  by  several  astro- 
nomers. The  following  points  have  been  assigned  as  the  direction 
of  the  solar  motion  in  1 790 : — 


B.  A. 

a6o»  34' 

N.  P.  D. 
63^43' 

Sir  W.  HerscbeL 

156  ts 

51       23 

Argelander. 

255   10 

51      26 

Ditto. 

s6i    II 

59     2 

Ditto. 

*$*  S3 

75   34 

LuhndahL 

z6i   22 

52   24 

Otto  Struve. 

z6i   29 

65    16 

Airy, 

263  44 

65     0 

Airv  and  Dunkin. 

The  first  estimate  of  Argelander  was  made  from  the  proper  motions 
of  21  stars,  each  of  which  has  an  annual  motion  greater  than  i''; 
the  second  from  50  stars  having  annual  proper  motions  between  i'^ 
and  o'''5,  and  the  third  from  those  of  319  stars  having  motions 
between  o'^*5  and  o"'  i .  The  estimate  of  M.  Luhndahl  is  based  on 
the  motions  of  147  stars,  that  of  M.  Struve  on  392  stars,  that  of 
Mr.  Aiiy  on  1 1 3  stars,  and  that  of  MM.  Airy  and  Dunkin  on  1 167 
stars.    (See  Appendix,  8 1 2.) 

The  mean  of  all  these  estimates  is  a  point  whose  right  ascension 
is  259^  6^  and  north  polar  distance  60^  29',  which  it  will  be 
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seen  differs  veiy  little  from  the  point  originally  assigned  by  Sir  W. 
Herschel. 

The  preceding  calculations  being  based  generally  on  observa- 
tions of  stars  in  the  northern  hemisphere,  it  was  obviously 
desirable  that  similar  estimates  should  be  made  from  the  ob- 
served proper  motions  of  southern  stars.  Mr.  Galloway  under- 
took and  executed  these  calculations;  and  found  that  tho 
southern  stars  gave  the  direction  of  the  solar  motion  for  1 790,  to  be 
towards  a  point  whose  right  ascension  is  260^  1',  and  north  polar 
distance  55®  3 7^ 

No  doubt,  therefore,  can  remain  that  the  proper  motion  of  the 
stars  is  produced  by  a  real  motion  of  the  solar  system,  and  that 
the  direction  of  this  motion  in  1 790  was  towards  a  point  of  space 
which,  seen  from  the  then  position  of  the  system,  had  the  right  as- 
cension of  about  260**,  and  the  north  polar  distance  of  about  60®. 

712.  Velooity  of  tl&e  solar  motloii. — It  follows  from  these 
calculations,  that  the  average  displacement  of  the  stars  requires 
that  the  motion  of  the  sun  should  be  such  as  that  if  its  direction 
were  at  right  angles  to  a  visual  ray,  drawn  from  a  star  of  the  first 
magnitude  of  average  distance,  its  apparent  annual  motion  would 
be  o'''3392 ;  and  taking  the  average  parallax  of  such  a  star  at  o'''209, 
it  follows,  therefore,  that  the  annual  motion  of  the  sun  would  be 
148, 500,000  miles,  a  velocity  equal  to  something  more  than  the 
fourth  of  the  earth *s  orbital  motion. 

713.  Tlio  probable  centre  of  solar  motion. — The  motion  of 
the  sun,  which  has  been  computed  in  what  precedes,  is  that  which 
it  had  at  a  particular  epoch.  No  account  is  taken  of  the  possible  or 
probable  changes  of  direction  of  such  motion.  To  suppose  that  the 
solai*  system  should  move  continuously  in  one  and  the  same  direction, 
would  be  equivalent  to  the  supposition  that  no  body  or  collection 
of  bodies  in  the  universe  would  exercise  any  attraction  upon  it. 
It  is  obviously  more  consistent  with  probability  and  analogy,  that 
the  motion  of  the  system  is  orbital^  that  is  to  say,  that  it  revolves 
round  some  remote  centre  of  attraction,  and  that  the  direction  of 
its  motion  must  continually  change,  although  such  change, 
owing  to  the  great  magnitude  of  its  orbit,  and  the  relative  slow- 
ness of  its  motion,  be  so  very  slow  as  to  be  quite  imperceptible 
within  even  the  longest  interval  over  which  astronomical  records 
extend. 

Attempts  have,  nevertheless,  been  made  to  determine  the 
centre  of  the  solar  motion ;  and  Dr.  Miidler  has  thi-own  out  a  sur- 
mise that  it  lies  at  a  point  in  or  near  the  small  constellation  of  the 
Pleiades. 

This  and  like  speculations  must,  however,  be  regarded  as  con- 
jectui*al  for  the  present. 
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CHAPTER  XXI. 

THe  POBX  ASD  KIMESrsiOXft  OP  TIIR   MASS  OP  STABS  WHICH  COSIPOSB 
THE  VISI13I.K   PIRMAMDrr. 


714.  IMstrlMitiOB  of  Stan  on  tlio  flrmamoBt.  —  The  aspect 
of  the  finnament  might,  at  lint;  impress  the  mind  of  an  obserrer 
with  the  idea  that  the  Dumerous  stars  scattered  over  it  are 
destitute  of  any  law  or  regularity  of  arrangement,  and  that  their 
distribution  is  like  the  fortuitous  position  which  objects  casually 
flung  upon  such  a  surfiBce  might  be  imagined  to  assume.  If^ 
however,  the  different  regions  of  the  heavens  be  more  carefully 
examined  and  compared,  this  first  impression  will  be  corrected^ 
and  it  will,  on  the  contrary,  be  found  that  the  distribution  of  the 
stars  over  the  surface  of  the  celestial  sphere  follows  a  distinct  and 
well-defined  law;  that  their  density,  or  the  number  of  them 
which  is  found  in  a  given  space  of  the  heavens,  varies  regularly,  in- 
creasing continually  in  certain  directions,  and  decreasing  in  others. 

Sir  W.  Uerschel  submitted  the  heavens,  or  at  least  that  part  of 
them  which  is  observable  in  these  latitudes,  to  a  rigorous  telescopic 
survey,  counting  the  number  of  individual  stars  visible  in  the 
field  of  view  of  a  telescope  of  given  aperture,  focal  length,  and 
magnifying  power,  when  directed  to  different  parts  of  the  firma- 
ment. The  result  of  this  survey  proved  that,  around  two  points  of 
the  celestial  sphere  diametrically  opposed  to  each  other,  the  stars 
are  more  thinly  scattered  than  elsewhere ;  that  departing  from 
these  points  in  any  direction,  the  number  of  stars  included  in  the 
field  of  view  of  the  same  telescope  increases  first  slowly,  but  at 
greater  distances  more  rapidly ;  that  this  increase  continues  imtil 
the  telescope  receives  a  direction  at  right  angles  to  the  diameter 
which  joins  the  two  opposite  points  where  the  distiibution  is 
the  least  in  number ;  and  that  in  this  direction  the  stars  are  so 
closely  crowded  together  that  it  becomes,  in  some  cases,  imprac- 
ticable to  count  them. 

715.  CkOaotlo  olrele  and  poles.  — The  two  opposite  points  of 
the  celestial  sphere,  around  which  the  stars  are  observed  to  be 
more  thinly  scattered  than  in  other  directions,  have  been  called 
the  GALACTIC  POLES ;  and  the  great  circle  at  right  angles  to  the 
diameter  joining  these  points,  has  been  denominated  the  galactic  • 

CIRCLE. 

This  circle  intersects  the  celestial  equator  at  two  points 
situate  10°  east  of  the  equinoxial  points,  and  is  inclined  to  the 
equator  at  an  angle  of  63°,  and  therefore  to  the  ecliptic  at  an 
angle  of  40®. 
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In  referring  to  and  explaining  the  distribution  of  the  stars  over 
the  celestial  sphere,  it  will  be  convenient  to  refer  them  to  this 
circle  and  its  poles,  as,  for  other  purposes,  they  have  been  referred 
to  the  equator  and  its  poles.  We  shall,  therefore,  express  the 
distance  of  different  points  of  the  firmament  from  the  galactic 
circle,  in  either  hemisphere,  by  the  terms  north  or  south  galactio 

LATITUDE. 

7 1 6.  Varlatton  of  tl&e  stellar  density  In  relation  to  this 
eirole.  —  The  elaborate  series  of  stellar  observations  in  the 
northern  hemisphere  made  during  a  great  part  of  his  life  by  Sir 
W.  Hei*schel,  and  subsequently  extended  and  continued  in  the 
southern  hemisphere  by  Sir  J.  Herschel,  has  supplied  data  by 
which  the  law  of  the  distribution  of  the  stars,  according  to  their 
galactic  latitude,  has  been  ascertained  at  least  with  a  near  approxi- 
mation. 

The  great  celestial  survey  executed  by  these  eminent  observers 
was  conducted  upon  the  principle  explained  above.  The  telescope 
used  for  the  purpose  had  1 8  inches  aperture,  20  feet  focal  lengti, 
and  a  magnifying  power  of  1 80.  It  was  directed  indiscriminately 
to  every  point  of  the  celestial  sphere  visible  in  the  latitude  of  the 
places  of  observation. 

It  was  by  means  of  a  vast  number  of  distinct  observations  thus 
made,  that  the  position  of  the  galactic  poles  was  ascertained.  The 
density  of  the  stars,  measured  by  the  number  included  in  each 
"  gauge  "  (as  the  field  of  view  was  called),  was  nearly  the  same 
for  the  same  galactic  latitude,  and  increased  in  proceeding  from 
the  galactic  pole,  very  slowly  at  first,  but  with  great  rapidity  when 
the  galactic  latitude  was  much  diminished. 

717.  8trave*s  analysis  of  Herscliel*s  observations.  —  An 
analysis  of  the  observations  of  Sir  W.  Herschel,  in  the  northern 
hemisphere,  was  made  by  Professor  Struve,  with  the  view  of 
determining  the  mean  density  of  the  stars  in  successive  zones  of 
galactic  latitude  ;  and  a  like  analysis  has  been  made  of  the  obser- 
vations of  Sir  J.  Herschel,  in  the  southern  hemisphere. 

If  we  imagine  the  celestial  sphere  resolved  into  a  succession  of 
zones,  each  measuring  1 5°  in  breadth,  and  bounded  by  parallels  to 
the  galactic  circle,  the  average  number  of  stars  included  within 
a  circle  whoae  diameter  is  15',  and  whose  magnitude,  therefore, 
would  be  about  the  fourth  part  of  that  of  the  disk  of  the  sun  or 
moon,  will  be  that  which  is  given  in  the  second  column  of  the 
following  Table. 
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Galactic  Latitude. 

N  90°—  75° 
„  75  —  60 

„    60    —  45 

- 

- 

• 

Average  nomb^r  ■ 
of  Stars  io  a  circle,  ic' 
In  dUroeter. 

4*3* 
5-42 
8-21 

V  45  —  30 

- 

- 

- 

13-61 

V  30  —  15 

- 

- 

- 

24-09 

V     15    —     0 

S     0  —  15 

„ 

. 

*" 

5343 
5906 

V    15    —  30 

- 

- 

- 

26-29 

»  30  —  45 
„  45  —  60 
„  60  —  75 

- 

- 

- 

*3-49 
908 
662 

yy  7S  —  90 

- 

- 

- 

6-05 

It  appears,  therefore,  that  the  variation  of  the  density  of  the 
risible  stars  in  proceeding  from  the  galactic  plane,  either  north  or 
south,  is  subject  almost  exactly  to  the  same  law  of  decrease,  the 
density,  however,  at  each  latitude  being  somewhat  greater  in  the 
southern  than  in  the  northern  hemisphere. 

718.  Tlie  mllksr  way.  —  The  regions  of  the  heavens,  which 
extend  to  a  certain  distance  on  one  side  and  the  other  of  the  galactic 
plane,  are  generally  so  densely  covered  with  small  stars,  as  to 
present  to  the  naked  eye  the  appearance,  not  of  stars  crowded 
together,  but  of  whitish  nebulous  light.  This  appearance  extends 
over  a  vast  extent  of  the  celestial  sphere,  deviating  in  some  places 
fix)m  the  exact  direction  of  the  galactic  circle,  bifurcating  and 
diverging  into  two  branches  at  a  certain  point  which  afterwards 
reunite,  and  at  other  places  throwing  out  off-shoots.  This  appear- 
ance was  denominated  the  Via  Lactea^  or  the  galaxy  *,  by  the 
ancients,  and  it  has  retained  that  name. 

The  course  of  the  milky  way  may  be  so  much  more  easily  and 
clearly  followed  by  means  of  a  map  of  the  stars,  or  a  celestial 
globe,  upon  which  it  is  delineated,  that  it  will  be  needless  here  to 
describe  it. 

7 1 9.  Zt  eonsists  of  innmnerable  stars  crowded  toffotlier. 
—  When  this  nebulous  whiteness  is  submitted  to  telescopic  exami- 
nation with  instruments  of  adequate  power,  it  proves  to  be  a  mass 
of  countless  numbers  of  stars,  so  small  as  to  be  individually  undis- 
tinguishable,  and  so  crowded  together  as  to  give  to  the  place  they 
occupy  the  whitish  appearance  from  which  the  milky  way  takes 
its  name. 

Some  idea  may  be  formed  of  the  enormous  number  of  stars  which 
are  crowded  together  in  those  parts  of  the  heavens,  by  the  actual 

•  From  the  Greek  wonl,  yiXa,  yiXoKtot  milk. 
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numbers  so  distinctly  visible  as  to  admit  of  being  counted  or 
estimated,  which  are  stated  by  Sir  W.  Herschel  to  have  been  seen 
in  spaces  of  given  extent  He  states,  for  exaniplci  that  in  those 
parts  of  the  milky  way  in  which  the  stars  were  most  thinly 
scattered,  he  sometimes  saw  eighty  stars  in  each  field.  In  an  hour, 
fifteen  degrees  of  the  firmament  were  carried  before  his  telescope, 
showing  successively  sixty  distinct  fields.  Allowing  eighty  stars 
for  each  of  these  fields,  there  were  thus  exhibited,  in  a  single  hour, 
without  moving  the  telescope,  four  thousand  eight  hundred  distinct 
stars!  But  by  moving  the  instrument  at  the  same  time  in  the 
vertical  direction,  he  found  that  in  a  space  of  the  firmament  not 
more  than  fifteen  degrees  long  by  four  broad,  he  saw  fifty  thousand 
stars,  large  enough  to  be  individually  visible  and  distinctly  counted  1 
The  surprising  character  of  this  result  will  be  more  adequately 
appreciated,  if  it  be  remembered  that  this  number  of  stars  thus  seen 
in  the  space  of  the  heavens  not  more  than  thirty  diameters  of  the 
moon's  disk  in  length  and  eight  in  breadth,  is  fifty  times  greater 
than  all  the  stars  taken  together  which  the  naked  eye  can  perceive 
at  any  one  time  in  the  heavens,  on  the  most  serene  and  unclouded 
night  I 

On  presenting  the  telescope  to  the  richer  portion  of  the  via  hdea, 
Elerschel  found,  as  might  be  expected,  much  greater  numbers  of 
stars.  In  a  single  field  he  was  able  to  count  588  stars;  and  for 
fifteen  minutes,  the  firmament  being  moved  before  his  telescope 
by  the  diurnal  motion,  no  diminution  of  number  was  apparent,  so 
that  he  estimated  that  in  that  space  of  time  1 1 6,000  stars  must 
have  passed  in  review  before  him  ;  the  number  seen  at  any  one  time 
being  greater  than  can  be  seen  by  the  naked  eye,  on  the  entire 
firmament,  except  on  the  clearest  nights. 

720.  Tlie  probable  form  of  tbe  stratiuii  of  stars  in  wbleli 
the  son  is  plaoeO. — It  may  be  considered  as  established  by  a 
body  of  analogical  evidence,  having  all  the  force  of  demonstration, 
that  the  fixed  stars  are  self-luminous  bodies,  similar  to  our  sun ; 
and  that  although  they  may  differ  more  or  less  from  our  sun  and  from 
each  other  in  magnitude  and  intrinsic  lustre,  they  have  a  certain 
average  magnitude  ;  and  that  therefore,  in  the  main,  the  great  dif- 
ference which  is  apparent  in  their  brightness  is  to  be  ascribed  to 
difference  of  distance.  Assuming,  then,  that  they  are  separated 
from  each  other  by  distances  analogous  to  their  distances  from  the 
sun,  itself  a  star,  the  general  phenomena  which  have  been  described 
above,  involving  the  rapid  increase  of  stellar  density  in  approaching 
the  galactic  plane,  combined  with  the  observed  form  of  the  milky 
way,  which,  following  the  galactic  plane  in  its  general  course  departs 
nevertheless  from  it  at  some  points,  bifurcates,  resolving  itself  into 
two  diverging  branches  at  others,  and  at  others  throws  out  irregular 
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off-shoots^  conducted  Sir  W.  Herschel  to  the  conclusion^  that  th^ 
stare  of  our  firmament,  including  those  which  the  telescope  renders 
visihle^  as  well  as  those  visible  to  the  naked  eye^  instead  of  being 
scattered  indifferently  in  all  directions  around  the  solar  system 
through  the  depths  of  the  universe,  form  a  stratum  of  definite  form 
and  dimensions,  of  which  the  thickness  beare  a  veiy  small  propor- 
tion to  the  length  and  breadth,  and  that  the  sun  and  solar  system 
is  placed  within  this  stratum,  very  near  its  point  of  bifurcation, 
relatively  to  its  breadth  near  its  middle  point,  and  relatively  to  its 
thickness  (as  would  appear  from  the  more  recent  observations) 
nearer  to  its  northern  than  to  its  southern  surface. 

Let  A  c  H  Hfjiff.  1 02,  represent  a  rough  outline  of  a  section  of  such 
A  stratum,  made  by  a  plane  passing  through  or  near  its  centre.    Let 


Fig.  lOdU 


▲  B  represent  the  intersection  of  this  with  the  plane  of  the  galactic 
circle,  so  that,  z  being  the  place  of  the  solar  system,  z  c  will  be  the 
direction  of  the  north,  and  2  d  that  of  the  south  galactic  pole.  Let 
8  H  represent  the  two  branches  which  bifurcate  from  the  chief 
stratum,  at  B.  Now,  if  wo  imagine  visual  lines  to  be  drawn  from  e 
in  all  directions,  it  will  be  apparent  that  those  z  c  and  z  D,  which 
are  directed  to  the  galactic  poles,  pass  through  a  thinner  bed  of 
stars  than  any  of  the  othere;  and  since  z  is  supposed  to  be  nearer  to 
the  northern  than  to  the  southern  side  of  the  stratum,  z  c  will  pass 
through  a  less  thickness  of  stars  than  z  D.  As  tlie  visual  lines  ore 
inclined  at  greater  and  greater  angles  to  z  a,  their  length  rapidly 
decreases,  as  is  evident  by  comparing  z  a,  z  e,  and  z  F,  which  ex- 
plains the  fact  that  while  the  stars  are  as  thick  as  powder  in  the 
direction  z  A,  they  become  less  so  in  the  direction  z  e,  and  still  less 
in  the  direction  z  f,  until  at  the  poles  in  the  directions  z  c  and  z  B, 
they  become  least  dense. 

On  the  other  side,  z  b  being  less  than  z  a,  a  part  of  the  galactic 
circle  is  found  at  which  the  stars  are  more  thinly  scattered* 
but  in  two  directions,  z  H  intermediate  between  z  B  and  the  ga- 
lactic poles,  they  again  become  nearly  as  dense  as  in  the  direction  2  a. 
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This  illustration  must,  however,  be  taken  in  a  very  general  sense. 
No  attempt  is  made  to  represent  the  various  off-shoots  and  varia- 
tions of  length,  breadth,  and  depth  of  the  stratum  measured  from 
the  position  of  the  solar  system  within  it,  which  have  been  indicated 
by  the  telescopic  soundvtgs  of  Sir  W.  Herschel  and  his  illustrious 
son,  whose  wondrous  labours  have  effected  what  promises  in  time, 
by  the  persevering  researches  of  their  successors,  to  become  a  com- 
plete analysis  of  this  most  mai'vellous  mass  of  systems.  Meanwhile 
it  may  be  considered  as  demonstrated  that  it  consists  of  myriads  of 
stars  clustered  together : 

**  A  broad  and  ample  road,  whose  dust  is  gold. 
And  pavement  stars,  as  stars  to  us  appear, 
Seen  in  the  galaxy,  that  Milky  Way, 
Like  to  a  circling  zone  powdered  with  stars."^ Milton. 

The  appearance  which  this  mass  of  stars  would  present  if  viewed 
from  a  position  directly  above  its  general  plane,  and  at  a  sufficient 
distance  to  allow  its  entire  outline  to  be  discerned,  was  represented 
by  Sir  William  Herschel  as  resembling  the  starry  stratum  sketched 
in  Plate  XXTX. 

He  considered  that  it  was  probable  that  the  thickness  of  this  bed 
of  stars  was  equal  to  about  eighty  times  the  distance  of  the  nearest 
of  the  fixed  stars  from  our  system ;  and  supposing  our  sun  to  be 
near  the  middle  of  this  thickness,  it  would  follow  that  the  stars  on 
its  surface  in  a  direction  perpendicular  to  its  general  plane  would 
be  at  the  fortieth  order  of  distance  from  us.  The  stars  placed  in 
the  more  remote  edges  of  its  length  and  breadth  he  estimated  to  be 
in  some  places  at  the  nine-hundredth  order  of  distance  from  us,  so 
that  its  extreme  length  may  be  said  to  be  in  round  numbers  about 
2000  times  the  distance  of  the  nearest  fixed  stars  from  our  system. 
Such  a  space  light  would  take  20,000  years  to  move  over,  moving 
all  that  time  at  the  rate  of  nearly  200,000  miles  between  eveiy  two 
ticks  of  a  common  clock  I 
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721.  The  stars  wl&icb  form  tbe  ilrmametat  a  stellar  cluster. 
— Analogry  sugrgrests  tbe  probable  existence  of  otbers. — It 

appears,  then,  that  our  sun  is  au  individual  star,  forming  only  a 
single  unit  in  a  cluster  or  mass  of  many  millions  of  other  similar 
stars  y  that  this  cluster  has  limited  dimensions,  has  ascertainable 
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length,  breadth,  and  thickness,  and  in  short,  forms  what  may  be 
expressed  by  a  universe  of  solar  systems.  The  mind,  still  unsatis- 
fied, is  as  urgent  as  before  in  its  questions  regarding  the  remainder 
of  immensity  !  However  vast  the  dimensions  of  this  mass  of  suns 
be,  they  are  nevertheless  finite.  However  stupendous  be  the  space 
included  within  them,  it  is  still  nothing  compared  to  the  immensity 
which  lies  outside  I  Is  that  immensity  a  vast  solitude  ?  Are  its 
unexplored  realms  dark  and  silent?  Has  Onmipotence  circum- 
scribed its  agency,  and  has  Infinite  Beneficence  left  those  imfa- 
thomed  regions  destitute  of  evidence  of  His  power  P 

That  the  infinitude  of  space  should  exist  without  a  purpose, 
unoccupied  by  any  works  of  creation,  is  plainly  incompatible  with 
all  our  notions  of  the  character  and  attributes  of  the  Author  of  the 
universe,  whether  derived  from  the  voice  of  revelation  or  from  the 
light  of  nature.  We  should  therefore  infer,  even  in  the  absence  of 
direct  evidence,  that  some  works  of  creation  are  dispersed  through 
those  spaces  which  lie  beyond  the  limits  of  that  vast  stellar  cluster 
in  which  our  system  is  placed.  Nay,  we  should  be  led  by  the 
most  obvious  analogies  to  conjecture  that  other  stellar  clusters  like 
our  own  are  dispei-sed  through  immensity,  separated  probably  by 
distances  as  much  gi*eater  than  those  which  intervene  between  star 
and  star,  as  the  latter  are  greater  than  those  which  separate  the 
bodies  of  the  solar  system.  But  if  such  distant  clusters  existed,  it 
may  be  objected,  that  they  must  be  visible  to  us;  that  although 
diminished,  perhaps,  to  mere  spots  on  the  firmament,  they  woidd 
still  be  rendei-ed  apparent,  were  it  only  as  confused  whitish  patches, 
by  the  telescope ;  that  as  the  stars  of  the  milky  way  assume  to  the 
naked  eye  the  appearance  of  mere  whitish  nebulosity,  so  the  far 
more  distant  stars  of  other  clusters,  which  cannot  be  perceived 
at  all  by  the  naked  eye,  would,  to  telescopes  of  adequate  power, 
present  the  same  whitish  nebulous  appearance ;  and  that  we  might 
look  forward  without  despair  to  such  augmentation  of  the  powers 
of  the  telescope  as  may  even  enable  us  to  perceive  them  to  be  actual 
clusters  of  stars. 

722.  Buob  olustera  of  stars  iannmsrable. — Such  anticipa- 
tions have  accordingly  been  realised.  In  various  parts  of  the 
firmament  objects  are  seen  which,  to  the  naked  eye,  appear  like 
stars  seen  through  a  mist,  and  sometimes  as  nebulous  specks, 
which  might  be,  and  not  unfrequently  are,  mistaken  for  comets. 
With  ordinary  telescopes  these  objects  are  visible  in  very  consider- 
able numbers,  and  were  obser\'ed  nearly  a  century  ago.  In  the 
Cormaissance  des  Temps,  for  1 784,  M.  Messier,  then  so  celebrated  for 
his  observations  on  comets,  published  a  catalogue  of  103  objects 
of  this  class,  of  many  of  which  he  gave  drawings,  with  which  all 
observers  who  search  for  comets  ought  to  be  familiar,  to  avoid 
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being  misled  by  their  resemblance  to  them.  The  improved  powers 
of  the  telescope  speedily  disclosed  to  astronomers  the  nature  of 
these  objects^  which,  when  examined  by  sufficient  magnifying 
powers,  prove  to  be  masses  of  stars  clustered  together  in  a  manner 
identical  with  that  cluster  in  which  our  sun  is  placed.  They 
appear  as  they  do,  mere  specks  of  whitish  light,  because  of  their 
enormous  distance. 

723.  Bistrlbntton  of  olnaters  and  nebnlBB  on  tlie  firmament. 
' — ^These  objects  are  not  dispersed  fortuitously  and  indifferently  on 
all  parts  of  the  heavens.  They  are  wholly  absent  from  some 
regions,  in  some  rarely  found,  and  crowded  in  amazing  profusion 
in  others.  Their  disposition,  however,  is  not  like  that  of  the  stars 
in  general,  determined  by  a  great  circle  of  the  sphere  and  its  poles. 
It  was  supposed  that  they  showed  a  tendency  to  crowd  towards  a 
zone  at  right  angles  to  the  galactic  circle,  but  a  careful  comparison 
of  their  position  does  not  confirm  this.  According  to  Sirs  W.  and 
J.  Herschel,  the  nebulas  prevail  most  around  the  following  parts  of 
the  celestial  sphere :  — 

1  The  North  Galactic  Pole.  $  Canei  Venatid. 

%  Leo  miijor.  6  Coma  Berenicl. 

3  Leo  minor.  7  Botitet  (precedingly). 

4  Una  major.  8  Virgo  (bead,  wiogi  and  shoulder). 

The  parts  of  the  heavens,  on  the  other  hand,  where  they  are  found 
in  the  smallest  numbers,  are : — 

1  Ariel.  7  Draca 

2  Taurus.  8  Hercules. 

3  Orion  (head  and  shoulders).  9  Serpentarius  (northern  part). 

4  Auriga.  10  Serpens  (tail). 

5  Perseut.  ii  Aquila  (tail). 

6  Camelopardus.  ix  Lyra. 

lu  the  southern  hemisphere  their  distribution  is  more  uniform. 

724.  Constitution  of  tbe  olnstersand  nebnlaB. — What  those 
objects  are,  and  of  what  they  severally  consist,  admits  of  no  rea- 
sonable doubt.  So  far  as  relates  to  the  stellar  clusters,  their  con- 
stituent parts  are  visible.  They  are,  as  their  name  imports,  masses 
of  stars  collected  together  at  certain  points  in  the  regions  of  space 
which  stretch  beyond  the  limits  of  our  own  cluster,  and  are  by  dis- 
tance so  reduced  in  their  visual  magnitude  that  an  entire  cluster 
will  appear  to  the  naked  eye,  if  it  be  visible  at  all,  as  a  single  star, 
and  when  seen  with  the  telescope  will  be  included  within  the  limit 
of  a  single  field  of  view. 

Different  clusters  exhibit  their  component  stars  seen  with  the 
same  magnifying  power  more  or  less  distinctly.  This  may  be  ex- 
plained either  by  diffei'ence  of  distance,  or  by  the  supposition  that 
they  may  eonsist  of  stars  of  different  real  magnitudes^  and  crowded 
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more  or  len  dtmeij  together.    The  former  sappontion  is,  howerer, 
hj  &r  the  more  natozal  and  probeble. 

The  appearance  of  the  dtars  compoeing  some  of  the  dusters  is 
quite  goigeous.  Sir  J.  Herschel  says,  that  the  duster  which  sur- 
rounds K  Crucis  in  the  southern  hemisphere  occupies  the  48th  part 
of  a  square  degree,  or  about  the  tenth  part  of  the  superficial  magni- 
tude of  the  moon's  disk,  and  consists  of  about  1 10  stars  from  the 
7th  magnitude  downwards,  eight  of  the  more  conspicuous  stars 
being  coloured  with  various  tints  of  red,  green,  and  blue,  so  as  to* 
give  to  the  whole  the  appearance  of  a  rich  piece  of  jewelleiy. 

Cluster  compared  with  cluster  show  all  gradations  of  smallness 
and  doseness  of  the  component  stars,  until  they  assume  the  ap- 
pearance of  patches  of  starry  powder.  These  varieties  are  most 
obviously  ascribable  to  varying  distances. 

Then  follow  those  patches  of  starry  light  which  are  seen  in  so 
many  regions  of  the  heavens,  and  which  have  been  denominated 
^lebuhe.  That  some  of  these  are  clusters,  of  which  the  component 
stars  are  indistinguishable  by  reason  of  their  remoteness,  there 
are  the  strongest  evidence  and  most  striking  analogies  to  prove. 
Every  augmentation  of  power  and  improvement  of  efficiency  the 
telescope  receives,  augments  the  number  of  nebulae  which  are  con- 
verted by  that  instrument  into  clusters.  Nebulae  which  were  ir- 
resolvable before  the  time  of  Sir  W.  Herschel,  yielded  in  large 
nimibers  to  the  powers  of  the  instruments  which  that  observer 
brought  to  bear  upon  them.  The  labours  of  Sir  J.  Herschel,  the 
colossal  telescopes  constructed  by  Lord  Kosse,  and  the  erection  of 
observatories  in  multiplied  numbers  in  climates  and  under  skies 
more  favourable  to  observation,  have  all  tended  to  augment  the 
number  of  nebulse  which  have  been  resolved,  and  it  may  be  ex- 
pected that  this  progress  will  continue,  the  resolution  of  these 
objects  which  are  not  of  a  gaseous  nature  into  stellar  clusters  being 
co-extensive  with  the  improved  powers  of  the  telescope  and  the 
increased  number  and  zeal  of  observers. 

725.  vebolar  liypofbesis. — A  theory  was  put  forward  to  ex- 
plain these  objects,  based  upon  views  not  in  accordance  with  what 
has  just  been  related.  It  was  assumed  hypothetically  that  the 
nebulous  matt.r  was  a  sort  of  luminous  fluid  diffused  through 
different  parts  of  the  universe ;  that  by  its  aggregation  on  certain 
laws  of  attraction  solid  luminous  masses  in  process  of  time  were 
produced,  and  that  these  nebulae  grew  into  clusters. 

It  would  not  be  compatible  with  the  limits  of  this  work,  and  the 
objects  to  which  it  is  directed,  to  pursue  this  speculation  through 
its  consequences,  to  state  the  arguments  by  which  it  is  supported 
and  opposed,  as  it  has  now  been  proved  from  the  spectroscopic 
observations  of  Mr.  Huggins  and  others  that  a  large  number  of 
oebulie  are  truly  irresolvable,  and  that  their  light  is  not  emitted 
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from  incandescent  solid  or  liquid  matter,  but  from  glowing  or 
luminous  gas. 

726.  Vomui  apparent  and  real  of  tbe  olnsters. — The  ap- 
parent forms  of  these  objects  are  extremely  various,  and  subject  to 
most  extraordinary  and  unexpected  changes,  according  to  the 
magnifying  power  under  which  they  are  viewed.  This  ought, 
however,  to  excite  no  surprise.  The  telescope  is  an  expedient  by 
which  a  well-defined  and  strongly  illuminated  optical  image  of  a 
distant  object  is  formed  so  close  to  the  observer,  that  he  is  enabled 
to  view  it  with  microscopes  of  greater  or  less  power,  according  to 
the  perfection  of  its  definition  and  the  intensity  of  its  illumination. 
Now,  it  is  known  to  all  who  are  familiar  with  the  use  of  the  micro- 
scope, that  the  apparent  form  and  structure  of  an  object  change  in 
the  most  remarkable  and  imexpected  way  when  viewed  with 
difierent  microscopic  powers.  The  blood,  for  example,  which, 
viewed  with  the  naked  eye,  or  with  low  powers,  is  a  uniformly 
red  fluid,  appears  as  a  pellucid  liquid,  having  small  red  disks 
floating  in  it,  when  seen  with  higher  powers  (M.  46).  Like  eflects 
are  manifested  in  the  cases  of  the  nebulsQ,  when  submitted  to 
examination  with  difierent  and  increasing  magnifying  powers,  of 
which  we  shall  presently  show  many  striking  examples. 

The  apparent  forms  of  the  stellar  clusters  are  generally  roundish 
or  irregular  patches.  The  stars  which  compose  them  are  always 
much  more  densely  crowded  together,  in  going  from  the  edges  of 
the  cluster  towards  the  centre,  so  that  at  the  centre  they  exhibit  a 
perfect  blaze  of  light. 

The  apparent  form  is  tliat  of  a  section  of  the  real  form,  made  by 
a  plane  at  right  angles  to  the  visual  ray.  If  the  mass  had  a  motion 
of  rotation,  or  any  other  motion  by  which  it  would  change  this 
plane,  so  as  to  exhibit  to  the  eye  successively  different  sections  of 
it,  its  real  form  could  be  inferred  as  those  of  the  planets  have  been. 
But  there  are  no  discoverable  indications  of  any  such  motion  in 
those  objects.  Their  real  forms,  therefore,  can  only  be  conjectured 
from  comparing  their  apparent  forms  with  their  structural  ap- 
pearance. 

The  clusters  having  round  apparent  forms,  and  of  which  the 
stars  are  rapidly  more  dense  towards  the  centres,  are  inferred  to  be 
either  globular  or  spheroidal  masses  of  stars,  the  greater  apparent 
density  in  passing  from  the  edges  to  the  centre  being  explained  by 
the  greater  thickness  of  the  mass  in  the  direction  of  the  visual 
line.  Clusters  of  irregular  outline  which  show  also  a  density  in- 
creasing inwards,  are  also  inferred,  for  like  reasons,  to  be  masses 
of  stars,  whose  dimensions  in  the  direction  of  the  visual  rays  cor- 
respond with  their  dimensions  in  the  direction  at  right  angles  to 
those  rays. 

FF  2 


428  ASTRONOMY. 

727.  Torgnm  ftpparent  and  real  of  tlie  nebulSB. — These  ob- 
jects exliibit  forms  much  more  various  thau  those  presented  by  the 
dusters.  Some  are  circular^  with  more  or  less  precision  of  outline. 
Some  are  elliptical,  the  oval  outline  haying  degrees  of  excentricitj 
infinitely  various,  from  one  which  scarcely  difiers  from  a  circle,  to 
one  which  is  compressed  into  a  form  not  sensibly  different  from  a 
straight  line.  In  short,  the  minor  axis  of  the  ellipses  bears  all  pro- 
portions  to  the  major  axis,  until  it  becomes  a  very  small  fraction  of 
the  latter. 

To  infer  the  real  from  the  apparent  forms  of  these  objects  with 
any  certainty,  there  are  no  sutHcient  data.  But  in  the  cases  in 
which  the  brightness  increases  rapidly  towards  the  centre,  which 
it  very  genei-ally  does,  it  may  be  probably  conjectured  that  their 
forms  are  globular  or  spheroidal,  for  the  reasons  already  explained 
in  relation  to  the  clusters,  and  this  becomes  the  more  probable 
when  it  is  considered  that  some  nebulae  are  in  fact  clusters,  the 
stars  of  which  are  reduced  to  a  nebulous  patch  by  distance. 

Nevertheless,  many  nebulae  may  be  strata  of  stars,  of  which  the 
thickness  is  small  compsred  with  their  other  dimensions;  and 
supposing  their  real  outline  to  be  circular,  they  will  appear 
elliptical  if  the  plane  of  the  stratum  be  inclined  to  the  visual  line, 
and  more  or  less  excentrically  elliptical,  according  as  the  angle  of 
inclination  is  more  or  less  acute. 

The  spectra  of  the  nebulae  consist  of  either  a  continuous  spec- 
trum or  one  consisting  of  a  few  bright  lines.  Of  those  which  show 
a  continuous  spectrum  a  large  proportion  can  probably  be  resolved 
into  stars  where  the  telescopic  means  are  sufficiently  powerful ;  but 
in  those  whose  spectrum  consists  of  a  few  bright  lines  only,  it 
must  be  inferred  that  they  consist  of  masses  of  incandescent  gases, 
and  therefore  irresolvable.  These  two  classes  of  objects  must  be 
materially  different  in  their  constitution,  and  while  clusters  may 
be  at  a  vast  distance  from  us,  the  gaseous  nebuhe  may  be  compara- 
tively near. 

728.  Bouble  nebnlse. — Like  individual  stars,  nebulae  are  found 
to  bo  combined  in  pairs  too  frequently  to  be  compatible  with  the 
supposition  that  such  combinations  arise  from  the  fortuitous  results 
of  the  small  obliquity  of  the  visual  rays,  which  causes  mere  optical 
juxtaposition. 

These  double  nebulae  are  generally  circular  in  their  apparent, 
and  therefore  probably  globular  in  their  real  form.  In  some  cases 
they  are  resolvable  clusters. 

That  such  pairs  of  clusters  are  physically  connected  does  not 
admit  of  a  reasonable  doubt,  and  it  is  highly  probable  that,  like 
the  binary  stars,  they  move  round  each  other,  or  round  a  common 
centre  of  attraction,  although  the  apparent  motion  attending  such 


STELLAR  CLUSTERS  AND  NEBULAE.         429 

feyolution  is  rendeied  so  slow  by  their  immense  distance  that  it 
can  only  be  ascertained  after  the  lapse  of  ages. 

729.  Vlanetary  nebnlM. —  This  class  of  objects  derive  their 
name  from  their  close  resemblance  to  planetary  disks.  They  are 
in  general  either  circular  or  very  slightly  oval.  In  some  cases  the 
disk  is  sharply  defined,  in  others  it  is  hazy  and  nebulous  at  the 
edges.  In  some  the  disk  shows  a  uniform  surface,  and  in  some  it 
has  an  appearance  which  Sir  J.  Herschel  describes  by  the  term 
curdled. 

The  constitution  of  these  objects  is  doubtless  the  same  as  that 
of  other  nebulas ;  some  consisting  of  glowing  gas,  while  others 
show  indications  that  they  are  clusters  of  stars  reduced  to  a 
planetary  disk  by  their  mutual  proximity  and  vast  distance. 

These  objects,  which  are  not  numerous,  present  some  remarkable 
peculiarities  of  appearance  and  colour.  It  has  been  already  ob- 
served that,  although  the  companion  of  a  red  individual  of  a  double 
star  appears  blue  or  green,  it  is  not  certain  that  this  is  its  real 
colour,  the  optical  eftect  of  the  strong  red  of  its  near  neighbour 
being  such  as  would  render  a  white  star  apparently  blue  or  green, 
and  no  example  of  any  single  blue  or  green  star  has  ever  been 
witnessed.  The  planetary  nebulas,  however,  present  some  very 
remarkable  examples  of  these  colours.  Sir  J.  Herschel  indicates  a 
beautiful  instance  of  this,  in  a  planetary  nebula  situate  in  the 
southern  constellation  of  the  Cross.  The  apparent  diameter  is 
12",  and  the  disk  is  nearly  circular,  with  a  well-defined  outline, 
and  a  "  fine  and  full  blue  colour  verging  somewhat  upon  green." 
Several  other  planetary  nebulsB  are  of  a  like  colour,  but  more  faint. 

The  magnitudes  of  these  stupendous  masses  of  stars  may  be  con- 
jectured from  their  probable  distances.  One  of  the  largest,  and 
therefore  probably  the  nearest  of  them,  is  situate  near  the  star  fi  UrssB 
majoris  (one  of  the  pointers).  Its  apparent  diameter  is  2'  40''. 
Now,  if  this  were  only  at  the  distance  of  61  Cygni,  whose  parallax 
is  known  (171),  it  would  have  a  diameter  equal  to  seven  times 
that  of  the  extreme  limit  of  the  solar  system  ;  but  as  it  is  certain 
that  its  distance  must  be  many  times  greater,  it  may  be  conceived 
that  its  dimensions  must  be  enormous. 

730.  Annular  nebnlse. —  A  very  few  of  the  nebulae  have  been 
observed  to  be  annular.  Until  lately  there  were  only  four.  The 
telescopes  of  Lord  Rosse,  have,  however,  added  five  to  the  number, 
by  showing  that  certain  nebulae  formerly  supposed  to  be  small  round 
patches  are  really  annular.  It  is  extremely  probable  that  many 
others  of  the  smaller  class  of  round  nebulae  will  prove  to  be 
annular,  when  submitted  to  further  examination  with  telescopes  of 
adequate  power  and  efficiency. 

73 1.  Spiral  nebnlBB. —  The  discoveiy  of  this  class  of  objects, 
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Philosophical  TVansacliofu,  by  Sir  J.  Herschel  and  the  Earl  of 
Kosse,  supply  numerous  and  instructive  examples  of  this. 

Plate  XXX,^.  6.  B  A  I5»»  30"  37».  npd  83**  33'.  Diameter, 
9*  B  A.  —  Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  faint 
large  round  nebula,  which,  by  attentive  examination,  may  be  seen 
to  be  composed  of  excessively  minute  stars,  appearing  lUre  points 
rubbed  out.    It  is,  in  fact,  a  globular  cluster. 

Plate  XXXI.  Jiff.  2.  B  A  2i»»  26"^  13*.  N  P  D  9i*»  26'.  Dia- 
meter,  6'  B  A. — Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  most 
superb  cluster  of  stars  of  the  1 5th  magnitude,  compressed  towards 
the  centre  to  a  perfect  blaze.  It  resembles  a  mass  of  fine  lumi- 
nous sand.  It  is  resolvable  with  a  six-inch  aperture.  The  stan 
juat  visible  with  a  nine-inch  aperture  (reflector). 

Plate  XXXI.  Jiff.  i. — The  same  object  as  shown  by  the  larger 
telescope  of  the  Earl  of  Rosse.  Lord  Rosse  thinks  that  no  in- 
creased power  is  likely  to  alter  materially  its  appearance.  It 
would  merely  render  the  component  stars  brighter  and  less  closely 
crowded. 

Plate  XXXIL^.  2.  B  A  5**  26"  i-.  N  p  d  68*»  5'.  Length  4', 
breadth  3',  oval  form.  —  A  fine  object     (Sir  J.  Herschel.) 

Plate  XXXII.  ^.  I. — The  same  object  as  shown  by  Lord 
Rosse's  telescope.  A  considerable  change  of  appearance  is  here 
produced  by  increased  power,  the  oval  resolvable  nebula  being 
changed  into  what  the  drawing  represents.  It  is  studded  with 
stars  mixed  with  a  nebulosity,  which  a  still  higher  power  would 
evidently  resolve  into  stars. 

Plate 'XXXIILjty.  5.  b  a  13^  23"  53".  npd  42'*  5'. -—This 
is,  in  many  respects,  one  of  the  most  remarkable  and  interesting  of 
its  class,  and  has  been  submitted  to  elaborate  examination  by  all 
the  eminent  observers.  The  distance  of  the  centre  of  the  small 
nebula  from  that  of  the  large  one,  is  given  by  Messier  as  4'  35", 
which  may  serve  as  a  modulus  for  its  other  dimensions.  It  was 
described  by  Sir  W.  Herschel  as  a  bright  round  nebula,  surrounded 
by  a  halo  or  glory,  and  attended  by  a  companion.  Sir  J.  Herschel 
observed  this  object,  and  represented  it  as  in  the  figure.  He 
noticed  the  partial  division  of  the  ring  as  if  it  were  split,  as  its 
most  remarkable  and  interesting  feature,  and  inferred  that,  sup- 
posing it  to  consist  of  stars,  the  appearance  it  would  present  to  an 
observer,  placed  on  a  planet  attached  to  one  of  them  excentrically 
situate  towards  the  north  preceding  quarter  of  the  central  mass, 
would  be  exactly  similar  to  that  of  the  milky  way  as  seen  from  the 
earth,  traversing  in  a  manner  precisely  similar  the  finnament  of 
large  stars,  into  which  the  central  cluster  would  be  seen  projected, 
and  (o'v^'ing  to  its  greater  distance)  appearing  like  it  tft  ojoissk^  ^ 
stars  much  smaller  than  those  m  o\kw  ^«x\&  oJl  ^^  >aR»?^<£o^ 
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"  Can  it  be,"  asks  Sir  J.  Herachel,  *'  that  we  have  here  a  brother 
system,  bearing  a  real  physical  resemblance  and  strong  analogy  of 
structure  to  our  own  ?  "  Sir  J.  Herschel  further  argues,  that  all 
idea  of  symmetry  caused  by  rotation  must  be  relinquished,  con- 
sidering that  the  elliptical  form  of  the  inner  subdivided  portion 
indicates  with  extreme  probability  an  elevation  of  that  part  above 
the  plane  of  the  rest ;  so  that  the  real  form  must  be  that  of  a  ring 
split  through  half  its  circumference,  and  having  the  split  portions 
set  asunder  at  an  angle  of  45^. 

Plate  XXXIII.  fig,  2. — The  same  object  as  shown  by  Lord 
Roese*s  telescope.  This  shows,  in  a  striking  manner,  how  entirely 
the  appearances  of  these  objects  are  liable  to  be  varied  by  the  in- 
creased magnifying  power  and  greater  efficiency  of  the  telescope 
through  which  they  are  viewed.  It  is  evident  that  veiy  little  resem- 
blance or  analogy  is  discoverable  between^.  2.  and^.  5.  Lord 
Hosse,  however,  says  that  if  Sir  John  HerschePs  be  placed  as  it  woula 
be  seen  with  a  Newtonian  telescope,  the  bright  convolutions  of  the 
spiral  shown  in  his  own  would  be  recognised  in  the  appearance 
which  Sir  J.  Herschel  supposed  to  be  that  which  would  be  produced 
by  a  split  or  divided  ring.  Lord  Rosse  further  observes  tiiat,  with 
each  increase  of  optical  power,  the  structure  of  this  object  becomes 
more  complicated  and  more  unlike  anything  which  could  be  supposed 
to  be  the  result  of  any  form  of  dynamical  law  of  which  we  find  a 
counterpart  in  our  system.  The  connection  of  the  companion  with 
the  principal  nebula,  of  which  there  is  not  the  least  doubt,  and 
which  is  represented  in  the  sketch,  adds,  in  Lord  Rosse*s  opinion, 
if  possible  to  the  difficulty  of  forming  any  conceivable  hypothesis. 
That  such  a  system  should  exist  without  internal  movement  he  con- 
siders in  the  last  degree  improbable.  Our  conception  may  be  aided, 
by  uniting  with  the  idea  of  motion  the  effects  of  a  resisting  medium ; 
but  it  is  impossible  to  imagine  such  a  system  in  any  point  of  view 
as  a  case  of  mere  statical  equilibrium.  '  Measurements  he  therefore 
considers  of  the  highest  interest,  but  of  great  difficulty. 

Plate  XXXV.  fig,  i. — This  object  is  the  99th  in  Messier's 
catalogue.  The  spiral  form  of  the  nebula,  represented  in  Plate 
XXXIII.  ^.  2,  was  discovered  by  Lord  Rosse  in  the  early  part  of 
1 845.  In  the  spring  of  1 846,  that  represented  in  the  present  figure 
was  discovered.  The  spiral  form  is  here  also  presented,  but  of  a 
different  character.  Lord  Rosse  conjectures  that  the  nebulas  Nos. 
2370  and  3239  of  Herschel's  soutliem  catalogue,  are  very  probably 
objects  of  a  similar  character.  As  Herschel's  telescope  did  not  reveal 
any  trace  of  the  form  of  this  nebula,  it  is  not  surprising  that  it  did 
not  disclose  the  spiral  form  presumed  to  belong  to  the  others,  and  it 
JB  not  therefore  unreasonable  to  hope,  according  to  his  Lordship,  that 
wbanever  the  southern  heudapYieie  i^oW.  ^^  i^-^-MccQ^t^^UL  in- 
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9tniment8  of  greater  power^  these  two  remarkable  nebulas  will  yield 
some  interesting  results. 

Lord  Rosse  has  discovered  other  spiral  nebulae^  but  they  are 
comparatively  difficult  to  be  seen,  and  the  greatest  powers  of  the 
instrument  are  required  to  bring  out  the  details. 

Plate  XXXIV./^.  2.  K  a  q**  24"  1 5«.  N  p  d  67°  53'.  Length  3'. 
— This  is  described  by  Sir  John  Herschel  as  a  veiy  bright  extended 
nebula,  with  an  approach  to  a  second  nucleus,  which,  however,  is 
very  faint 

Plate  XXXm.^.  6. — ^The  same  object  as  shown  by  Lord  Rosse's 
telescope.  This  object  was  first  observed  with  the  great  telescope, 
on  the  24th  of  March,  1 846,  when  a  tendency  to  an  annular  or  spiral 
form  was  discovered.  On  the  9th  of  March,  1 848,  in  more  favour- 
able weather,  the  spiral  form  was  distinctly  seen  in  an  oblique  direc- 
tion. The  nebula  was  well  resolved,  particularly  towards  the  centre, 
where  it  was  very  bright. 

Plate  XXXm.^.  I.  BA  22»'57"55'.NPD78°26'.  Length 
2',  breadth  30". — Described  by  Sir  John  Herschel  as  pretty  bright 
and  resolvable,  and  extended  between  two  small  stars,  having  two 
very  small  stars  visible  in  it. 

Plate  XXXIV.  JUj.  i. — The  same  object  as  seen  in  Lord  Rosse^s 
telescope.  It  was  frequently  observed,  both  by  Lord  Rosse  himself 
and  several  of  his  friends,  and  the  drawing  represents  the  form  with 
great  accuracy.  It  was  doubtful  whether  the  form  was  strictly 
spiral,  or  whether  it  was  not  more  properly  annular. 

Plate  XXXV. /^.  2.  r  a  i»*  25"*  57%  n  p  d  60**  4'.  Dimensions 
uncertain,  but  the  diffused  nebulte  estimated  as  extending  through 
15'. — This  object  has  been  the  subject  of  obse^^•ation  by  all  the 
eminent  obser\'ers.  Sir  John  Herschel  describes  it  as  enormously 
large,  growing  very  gradually  brighter  towards  the  middle,  and 
having  a  star  of  the  1 2th  magnitude,  north,  following  the  nucleus, 
and  being  characterised  by  irregularities  of  light,  and  even  by  feeble 
subordinate  nuclei  and  many  small  stars.  The  drawing  represents 
it  as  seen  with  the  more  powerful  telescope  of  Lord  Rosse.  A  ten- 
dency to  a  spiral  form  was  distinctly  seen  on  the  6th,  i  oth,  and  i6th 
of  September,  1 849.  The  brightest  of  the  spii*al  arms  was  that  marked 
o,  that  marked  8  was  pretty  bright,  but  short;  i3  was  distinct,  and  i\ 
only  suspected ;  the  branch  7  was  faint.  The  whole  object  was  in- 
volved in  a  faint  nebulosity,  which  probably  extends  past  several 
knots  whicli  lie  about  it  in  different  dii'ections. 

Plate  XXXIV. /(7.  3.  R  a  7»»  16™  41'.  N  P  D  60**  1 5'.— This  is 
described  by  Sir  John  Herscliel  as  a  curious  bright  double  or  an 
elongated  bicentral  nebula. 

Plate  XXXIV. ^(7.  4. —The  same  object  as  shown  by  Lord  Posse's 
telescope,  on  the  2  2nd  of  December,  1 848.  A  bright  star  was  visible 
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between  the  nebulas  from  which  tails  and  curved  filaments  issued. 
The  existence  of  an  annulus  surrounding  the  two  nebul®  was  sus« 
pected. 

Plate  XXXV.  ^.14.  b  a  1 1»»  1 1«"  36'.  n  p  d  76**  9'.  Length 
4'. — Described  by  Sir  John  Herschel,  as  large,  elliptical  in  form, 
with  a  round  nucleus,  and  growing  gradually  brighter  towards  the 
middle. 

Plate  XXXV.^.  3. — The  same  object  as  shown  by  Lord  Rosse's 
telescope,  on  the  3'ist  of  March,  1848.  Described  as  a  curious 
nebula,  nucleus  resolvable,  having  a  spiral  or  annular  arrangement 
about  it  It  was  also  observed  with  the  same  results  on  the  i  st  and 
3rd  of  April. 

Plate  XXXV. ^.  5.  r  a  1 5»»  2"  38".  N  p  d  33°  42'.  Length 
50''.  Breadth  20''. — This  nebula  was  not  figured  by  Sir  John 
Herschel,  but  is  described  by  him  as  an  object  very  bright,  and 
growing  uiuch  brighter  towards  the  middle.  The  drawing,  fig.  5, 
represents  the  object  as  seen  in  Lord  Rosse^s  telescope,  in  April 
1 848.  It  is  described  by  Lord  Rosse  as  a  very  bright  resolvable 
nebula,  but  that  none  of  the  component  stars  could  be  distinctly  seen 
even  with  a  magnifying  power  of  1 000.  A  perfectly  straight  longi- 
tudinal division  appears  in  the  direction  of  the  major  axis  of  the 
ellipse.  Resolvability  was  strongly  indicated  towards  the  nucleus. 
According  to  Lord  Rosse,  the  proportion  of  the  major  axis  to  the 
minor  axis  was  8  to  i ;  much  greater  than  the  estimate  of  Sir  John 
Herschel. 

Plate  XXXV. ^.  10.  R  a  12''  35'"  ^\\  N  p  d  56''  41'.— 
Described  by  Sir  John  Herschel  as  a  nebula  of  enormous  length, 
extending  across  an  entire  field  of  15',  the  nucleus  not  being  well 
defined.  It  was  preceded  by  a  star  of  the  tenth  magnitude,  and 
that  again  by  a  small  faint  round  nebula,  the  whole  forming  a  fine 
and  very  curious  combination. 

Plate  XXXV.  ^.  4.  —  The  same  object  as  shown  by  Lord 
Rosse's  telescope  on  the  1 9th  of  April,  1 849.  The  drawing  is  stated 
to  be  executed  with  great  care,  and  to  be  very  accurate.  A  most 
extraordinarv  object,  masses  of  light  appearing  through  it  in  knots. 

Plate  XXXIV.  fig,  %,  R  A  b**  31"'  36'.  n  p  d  8i<»  8'.  —  De- 
scribed by  Sir  John  Herschel  as  a  star  of  the  1 2th  magnitude, 
with  a  bright  cometic  branch  issuing  from  it,  60"  in  length, 
forming  an  angle  of  60^  with  the  meridian,  passing  through  it. 
The  star  is  described  as  ill  defined,  the  apex  of  the  nebula  coming 
exactly  up  to  it,  but  not  passing  it. 

Plate  XXXIV.  ^.  6.  —  The  same  object  as  seen  with  I^rd 
Rosse's  telescope  on  the  i6th  of  January,  1850.  Lord  Rosse  ob- 
served that  the  two  comparatively  dark  spaces,  one  near  the  apex 
Aod  the  other  near  the  base  of  the  cone,  are  very  remarkable. 
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Plate  XXXTTT.  fig,  3.  -R  A  1 1**  6"  34".  K  P  d  34°  14'  Dia- 
meter 1 9'  of  time  in  r  a.— Described  by  Sir  John  Herschel  as  a  large 
uniform  nebulous  disk,  very  bright  and  perfectly  round,  but  sharply 
defined,  and  yet  very  suddenly  fading  away  into  darkness.  A  most 
extraordinary  object. 

Plate  XYXTTT.  fig.  ^ — The  same  object  as  shown  by  Lord 
Rosse's  telescope.  Two  stars  considerably  apart,  seen  in  the 
central  part  of  the  nebula.  A  dark  penumbra  around  each  spiral 
arrangement  with  stars  as  apparent  centres  of  attraction.  Stars 
sparkling  in  it  and  in  the  nebula  resolvable.  Lord  Rosse  saw 
two  large  and  very  dark  spots  in  the  middle,  and  remarked  that 
all  round  its  edge  the  sky  appeared  darker  than  usual. 

Plate  XXXV. ^.  11.  R  a  7'*  35""  23'.  N  p  D  104**  24'.  Dia- 
meter 3  "7  5  of  time.  —  Described  by  Sir  John  Herschel  as  a 
planetary  nebula,  of  a  faint  eqiuil  light,  and  exactly  round,  having 
a  very  minute  star  a  little  north  of  the  centre.  Very  velvety  at 
the  edges.  In  the  telescope  of  Lord  Rosse,  however,  it  appears  as 
an  annular  nebula  as  represented  in  the  figure,  with  two  stars 
within  it. 

Plate  XXXV.  ^.7.  R  a  23**  19-  3*.  n  p  d  48**  14'.  Dia- 
meter 12".  —  Figured  by  Sir  John  Herschel,  who  describes  it 
as  a  fine  planetary  nebula.  With  a  power  of  240  it  was  beauti- 
fully defined,  light,  rather  mottled,  and  the  edges  the  least  in  the 
world  imshaped.  It  is  not  nebulous,  but  looks  as  if  it  had  a 
double  outline,  or  like  a  star  a  little  out  of  focus.  It  is  perfectly 
circular. 

Plate  XXXV. ^.  6. — The  same  object  as  shown  in  Lord  Rosse's 
telescope,  on  the  i6th — 19th  of  December,  1848.  A  central  dark 
spot  sun-ounded  by  a  bright  annulus. 

Plate  XXXV.  fig,  9.  r  a  20''  56™  28'.  N  p  d  101°  55'. 
Diameter  10"  to  \z"  according  to  Herschel,  but  25"  by  17''  ac- 
cording to  Struve,  who  gives  it  a  more  oval  form. —  This  figure  is 
that  given  by  Sir  John  Hei-schel,  who  describes  it  as  a  fine 
planetary  nebula  with  equable  light  and  bluish  white  colour. 

Plate  XXXV.  fi^.  8.  —  The  same  object  as  shown  by  Lord 
Ro8se*8  telescope.  Like  a  globe  surrounded  by  a  ring  such  as  that 
of  Saturn,  the  usual  line  being  in  the  plane  of  the  ring. 

Plate  XXXV.^.  13.  r  a  7'»  20»  55*.  n  p  d  68"  48'.— De- 
scribed by  Sir  John  Herschel  as  a  star  exactly  in  the  centre  of  a 
bright  circular  atmosphere  25"  in  diameter,  the  star  being  quite 
stellar,  and  not  a  mere  nucleus,  and  is  a  most  remarkable  object. 

Plato  XXXV.  ^.  12. —  The  same  object  as  shown  by  Lord 
Rosse's  telescope  on  th?  20th  of  February,  1 849 ;  described  by 
him  as  a  most  astonishing  object.     It  was  examined  in  January 
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1 850.  i^th  powers  of  700  and  900,  when  both  the  dark  and  bright 
ringstecmed  unequal  in  breadth. 

Plate  XXXV.  ^.15.  k  a  s**  28™  35'.  N  p  d  96®  i'.— The 
star  I  Ononis  involved  in  a  feeble  nebula  3 'in  diameter.  (Sir  J. 
Herschel.)  The  drawing  shows  this  as  seen  with  Lord  Rosse's 
telescope. 

Plate  XXX.  ^.  3.  R  A  19'*  53"  27*.  N  p  D  67°  40'.  —  Drawn 
by  Sir  John  Herschel,  who  describes  it  as  a  nebula  shaped  like  a 
dumb-bell,  double-headed  shot,  or  hour-glass,  the  elliptic  outline 
being  completed  by  a  more  feeble  nebulous  light.  The  axis  of 
symmetry  through  the  centres  of  the  two  chief  masses  inclined  at 
30°  to  the  meridian.  Diameter  of  elliptic  light  from  7'  to  8'. 
Kot  resolvable,  but  four  stars  are  visible  on  it  of  the  1 2th,  1 3th, 
and  14th  magnitude.  The  southern  head  is  denser  than  the 
northern.  This  extraordinary  object  was  also  observed  by  Sir  W. 
Herschel,  who  recognised  the  same  peculiar  form.  Sir  J.  Herschel 
considers  that  the  most  remarkable  circumstance  attending  it  is  the 
faint  nebulosity  which  fills  up  the  lateral  concavities  of  its  form, 
and  in  fact  converts  them  into  protuberances,  so  as  to  render  the 
whole  outline  a  regular  ellipse,  having  for  its  shorter  axis  the 
common  axis  of  the  two  bright  masses.  If  it  be  regarded  as  a 
mass  in  rotation,  it  is  around  this  shorter  axis  it  must  revolve.  In 
that  case,  he  considers  that  its  real  form  must  be  that  of  an  oblate 
spheroid ;  and  as  it  does  not  follow  that  the  brightest  portions  must 
be  of  necessity  the  densest,  this  supposition  would  not  be  incom- 
patible with  dynamical  laws,  at  least  supposing  its  ports  to  be 
capable  of  exerting  pressure  on  each  other.  Sir  John  Herschel,  it 
will  be  observed,  failed  to  resolve  this  well-known  nebula,  and 
Mr.  Huggins  has  since  found  that  its  light  gives  a  spectrum  of  one 
bright  line,  thus  placing  it  in  the  class  of  gaseous  nebulae,  and 
consequently  in:«»solvable. 

Plate  XXXVI.  fig.  i. —  The  same  object  as  shown  by  the  tele- 
scope of  Lord  Rosse,  three  feet  aperture,  twenty-seven  feet  focal 
length. 

Plate  XXX.  ^.  I. —  The  same  object  as  shown  with  the  great 
telescope  of  Lord  Rosse,  six  feet  aperture,  fifty-three  feet  focal 
length. 

The  difference  between  these  two  representations  and  that  given 
by  Sir  John  Herschel  of  the  same  object,  will  illustrate  in  a  very 
striking  manner  the  observations  already  made  on  the  efiects  of 
different  magnifying  and  defining?  powers  upon  the  appearance  of 
the  object  under  examination.  These  three  figures  could  scarcely 
he  conceived  to  be  representations  of  the  same  object 

To  explain  the  difference  obsetvaUe  between  the  drawing,  Plate 
XXXVI.  fg.  I,  made  with  the  8m»l\<ixV«Vesco^,wA^^  ^xwvsysj.^ 
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Plate  XXX. ^.  I,  made  with  the  larger  instrument,  Lord  Rosse 
observes,  that  while  the  application  of  a  high  magnifying  power 
brings  out  minute  stars  not  visible  with  lower  powers,  it  com- 
pletdy  extinguishes  nebulosity  which  the  lower  powers  render 
visible.  The  optical  reason  for  this  will  be  easily  perceived ;  the 
circumstance  was  nevertheless  overlooked  when  the  observations 
were  made  from  which  the  drawing,  Plate  XXX  Vl.^y.  1  was  taken. 
Only  one  magnifying  power,  and  that  a  very  high  one,  was  used 
on  that  occasion,  the  consequence  of  which  was  that,  although  the 
two  knobs  of  the  dumb-bell  were  more  fully  resolved,  the  nebulous 
matter  filling  the  intermediate  space,  which  Herschel  considered 
to  be  the  most  remarkable  feature  of  this  nebula,  was  entirely 
extinguished  in  the  optical  image.  If  on  that  occasion  a  second 
eye-piece  had  been  used  of  lower  power,  the  intermediate  nebulous 
matter  would  have  been  seen  as  represented  in  the  drawing,  and 
the  drawing  would  be  as  perfect  as,  and  nearly  identical  with, 
that  obtained  with  the  greater  telescope,  Plate  XXJLjig,  i,  a  lower 
power  being  used. 

It  will  be  observed  that  the  general  outline  of  this  remarkable 
object,  which  is  so  geometrically  exact  as  seen  with  the  inferior 
power  used  by  Sir  John  Herschel,  is  totally  effaced  by  the  applica- 
tion of  the  higher  powers  used  by  Lord  Kosse  and  consequently, 
Sir  John  Herschers  theoretical  speculations  based  upon  this  par-i 
ticular  form  must  be  regarded  as  losing  much  of  their  force,  if  not 
wholly  inadmissible  ;  and  this  is  an  example  proving  how  unsafe 
it  is  to  draw  any  theoretical  inferences  from  apparent  peculiarities 
of  form  or  structure  in  these  objects,  which  may  be  only  the  effect 
of  the  imperfect  impressions  we  receive  of  them,  and  which,  con- 
sequently, disappear  when  higher  telescopic  powers  are  applied. 
The  case  of  the  nebula  represented  in  Plate  XXXIIL^«.  2  and  5, 
presents  another  striking  example  of  the  force  of  these  observa- 
tions. 

Plate  XXX. ^.  4.  RA  iS**  48'"  I9\  npd  57°  9'.— This  object, 
drawn  by  Sir  J.  Herschel,  is  the  annular  nebula  between  /i  and  •/ 
Lyne.  He  estimates  its  diameter  at  6'*  5  of  time.  The  annulus  is  oval, 
its  longer  axis  being  inclined  at  57°  to  the  meridian.  The  central 
v.icuity  is  not  black,  but  tilled  with  a  nebulous  light.  The  edges 
are  not  sharply  cut  off,  but  iU  defined  ;  they  exhibit  a  curdled  and 
confused  appearance,  like  that  of  stars  out  of  focus.  He  considers  it 
not  well  represented  in  the  drawing. 

Plate  XXX.  Jiff.  2. — The  same  object  as  shown  in  the  tele- 
scope of  Lord  Rosse.  This  drawing  was  made  with  the  smaller 
telescope,  tliree  feet  aperture,  before  the  great  telescope  had  been 
erected.  The  nebula  was  observed  seven  times  in  1848,  and  once 
in  1 849.     With  the  large  telescope,  the  central  opening  showed 
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considerablj  more  nebulosity  than  it  appeared  to  have  with  the 
smaller  instrument  It  was  also  noticed  that  several  small  stars 
'Were  seen  around  it  with  the  large  instrument  which  did  not 
appear  with  the  smaller  one,  from  which  it  was  inferred  that  the 
stars  seen  in  the  dark  opening  of  the  ring  may  possibly  be  merely 
accidental,  and  have  no  physical  relation  to  the  nebula.  In  the 
annulus  near  the  extremity  of  the  minor  axis,  several  stars  were 
visible.     This  nebula  has  a  gaseous  spectrum  of  one  bright  line. 

Plate  XXX.  ^.  5.  B  A  13**  30"  29'.  N  P  D  107°  10'. 
Diameter  of  faint  nebula  z\  Diameter  of  bright  part,  i  o'^  or  1 5'^. 
— Described  as  a  faint  large  nebula,  losing  itself  quite  impercep- 
tibly ;  a  good  type  of  its  class.     (Herschel.) 

Plate  XXX. J^.  7.  RA  17**  45-  57".  ^^66**  54'.  Perceptible 
disk  l'^,or  \"'^  diameter.  Surrounded  by  a  very  faint  nebula. 
—A  curious  object.     (Herschel.) 

Plate  XXX.  fig,  8.  R  a  19''  41"*  7'.  n  p  D  39**  50'.— A  most 
curious  object  A  star  of  the  nth  magnitude,  surrounded  by  a 
a  very  bright  and  perfectly  round  planetary  nebula  of  unifonn 
light  Diameter  in  ra  3»*5,  perhaps  a  very  little  hazy  at  the 
edges.     (Herschel.) 

Plate  XXX.  ^.  9.  RA  10^  30"  4».  N  p  d  35**  46'.  — A  bright 
round  nebula,  forming  almost  a  disk  1 5"  diameter,  surrounded  by 
a  very  feeble  atmosphere.     (Herschel.) 

734.  Karffe  and  irreirnlar  nebnlAD.  —  All  the  nebula)  de- 
scribed above,  are  objects  generally  of  regular  form  and  subtending 
small  visual  angles.  There  are  others,  however,  of  a  very  diftereut 
character,  which  cannot  be  passed  without  some  notice.  These  ob- 
jects cover  spaces  on  the  firmament,  many  nearly  as  extensive  as, 
and  some  much  more  extensive  than,  the  moon's  disk.  Some  of  them 
have  been  resolved.  Of  those  which  are  larger  and  more  diflused, 
some  exhibit  irregularly  shaped  patches  of  nebulous  light,  aftecting 
forms  resembling  those  of  clouds,  in  which  tracts  are  seen  in  every 
stage  of  resolution,  from  nebulosity  irresolvable  by  the  largest  and 
most  powerful  telescopes,  to  stars  perfectly  separated  like  parts  of 
the  milky  way,  and  '*  clustering  groups  sufficiently  insulated  and 
condensed  to  come  under  the  designation  of  irregular  and,  in  some 
cases,  pretty  rich  clusters.  But  besides  these  there  are  also 
nebulas  in  abimdance,  both  regular  and  irregular ;  globular  clusters 
in  every  state  of  condensation,  and  objects  of  a  nebulous  charactei 
quite  pecidiar,  which  have  no  analogy  in  any  other  part  of  the 
heavens."  • 

735.  Sieh  oliist«r  in  ttie  Centaur. — The  star  w  Centauri  pre- 
6ont8  one  of  the  most  striking  examples  of  the  class  of  large  diffused 

*  Herschel,  OtMmei  qf  AatnmoH^» 
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dasters.  It  is  nearly  round,  and  hnfl  an  apparent  diameter  equal 
to  two-thirds  of  that  of  the  moon.  This  remarkable  object  Vas 
included  in  Mr.  Dunlop's  catalogrue  (PAt7.  TVana.  1828);  but  it  is 
from  the  observations  of  Sir  John  Herachel  at  the  Cape  that  the 
knowledgro  of  its  splendid  character  is  derived.  That  astronomer 
pronounces  it,  beyond  all  comparison^  the  richest  and  largest 
object  of  the  kind  in  the  heavens.  The  stars  composing  it  are 
literally  innumerable ;  and  as  their  collective  light  affects  the  eye 
hardly  more  than  that  of  a  star  of  the  fifth  magnitude,  the  minute- 
ness of  each  of  them  may  be  imagined.  The  apparent  magnitude 
of  this  object  is  such  that,  when  it  was  concentric  with  the  field  of 
Sir  J.  HerschePs  20-ft.  telescope,  the  straggling  stars  at  the  edges 
were  beyond  the  limit  of  the  field.  In  stating  that  the  diameter 
is  two-thirds  of  the  moon's  disk,  it  must  be  understood  to  apply  to 
the  diameter  of  the  condensed  cluster,  and  not  to  include  the 
straggling  stars  at  the  edges.  When  the  centre  of  the  cluster  was 
brought  to  the  edge  of  the  field,  the  outer  stars  extended  fully  half 
a  radius  beyond  the  middle  of  it.* 

The  appearance  of  this  magnificent  object  resembles  that  shown  in 
Plate  XXXI.  ^.  I,  only  that  the  stars  are  much  more  densely 
crowded  together,  and  the  outline  more  circular,  indicating  a  pretty 
exact  globe  as  the  real  form  of  the  mass. 

736.  The  gremt  nebnla  in  Orion.  —  The  position  of  this 
extraordinary  object  is  in  the  sword  handle  of  the  figure  which 
forms  the  constellation  of  Orion.  It  consists  of  irregular  cloud- 
shaped  nebulous  patches,  extending  over  a  surface  about  40' 
square;  that  is,  one  whose  apparent  breadth  and  height  exceed 
the  apparent  diameter  of  the  moon  by  about  one-third,  and  whose 
suparficial  magnitude  is  therefore  rather  more  than  twice  that  of 
the  moon's  disk.  Drawings  of  this  nebula  have  been  made  by 
several  observers,  and  engravings  of  them  have  been  already  pub- 
lislied  in  various  works. 

In  Plate  XXXVII.  is  given  a  representation  of  the  central 
part  of  this  object  The  portion  here  I'epresented  measures 
about  27'  in  length  and  25'  in  breadth;  being  about  one-sixth 
less  than  the  diameter  of  the  moon.  An  engraving  upon  a  very 
large  scale  of  the  entire  extent  of  the  nebula,  with  an  indication  of 
the  various  stars  which  ser\'e  as  landmarks  to  it,  may  be  seen  by 
reference  to  Sir  J.  Herschel's  "  C<q)e  Observations,"  accompanied  by 
the  interesting  details  of  his  observations  upon  it. 

Sir  J.  Herschel  describes  the  brightest  portion  of  this  nebula 
as  resembling  the  head  and  yawning  jaws  of  some  monstrous 
animal,  with  a  sort  of  proboscis  running  out  from  the  snout.    The 

*  Cape  Observations,  p.  2 1. 
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stars  scattered  over  it  probably  have  no  connection  with  it,  and 
areMoubtless  placed  much  nearer  to  our  system  than  the  nebula, 
being  visually  projected  upon  it.  The  spectrum  of  this  nebula 
consists  of  three  bright  lines,  and  others  are  suspected.  Its 
character  is  therefore  gaseous,  and  consequently  irresolvable. 

737.  The  sreat  nebula  in  Aiyo.  —  This  is  an  object  of  the 
same  class,  and  presenting  like  appearances ;  it  is  diffused  around 
the  star »;  in  the  constellation  here  named,  and  formed  a  special 
subject  of  observation  by  Sir  J.  Herschel  during  his  residence  at 
the  Cape.  An  engraving  of  it  on  a  large  scale,  giving  aU  its  details, 
may  be  seen  in  the  "  Cape  Observations.''^  The  position  of  the 
centre  of  the  nebula  is,  K  a  10''  39"  47*  j  N  p  d  148°  38'. 

This  object  consists  of  diffused  irregular  nebulous  patches, 
extending  over  a  surface  measuring  nearly  7'  (time)  in  right 
ascension,  and  68'  in  declination ;  the  entire  area,  therefore,  being 
equal  to  a  square  space  whose  side  would  measure  one  degree.  It 
occupies,  therefore,  a  space  on  the  heavens  about  five  times  greater 
than  the  disk  of  the  moon. 

A  part  of  the  nebula  immediately  surrounding  the  central  star 
is  represented  in  Plate  XXXVT.^.  2.  The  space  here  represented 
measures  about  one-fourth  of  the  entire  extent  of  the  nebula  in 
declination,  and  one-third  in  right  ascension,  and  about  a  twelfth 
of  its  entire  magnitude. 

No  part  of  this  remarkable  object  has  shown  the  least  tendency 
to  yesolvability.  It  is  entirely  compressed  within  the  limits  of 
that  part  of  the  milky  way  which  traverses  the  southern  firmament, 
the  stars  of  which  are  seen  projected  upon  it  in  thousands.  Recent 
drawings  of  this  nebula  would  seem  to  indicate  that  considerable 
changes  have  been  going  on  since  the  date  of  Sir  John  HerscheFs 
observations.  The  star  17  has  varied  from  the  first  to  the  sixth 
luagnitude,  and  the  nebula  itself  appears  to  have  shifted  its  posi- 
tion with  respect  to  this  star.  The  amount  of  the  change  is  not 
certain,  as  the  statements  of  observers  differ  in  this  particular. 

738.  Maffellanio  elouds.  —  These  are  two  extensive  nebulous 
patches  also  seen  on  the  southern  firmament,  the  greater  called  the 
nubecula  major,  being  included  between  r  a  4**  40",  and  6**  o"  and 
N  P  D  156°  and  162°,  occupying  a  superficial  area  of  42  square 
degrees ;  and  the  other  called  the  nubecula  minor ^  being  included 
between  R  A  o**  28"  and  i**  1 5™  and  between  n  p  d  162°  and  165% 
covering  about  i  o  square  degrees. 

These  nebulje  consist  of  patches  of  every  character,  some 
irresolvable,  and  others  resolvable  in  all  degrees,  and  mixed  with 
clusters,  having  all  the  characters  already  explained  in  the  cases 
of  the  large  diffused  nebulae  described  above.  So  great  is  the 
number  of  distinct  nebulae  and  clusters  crowded  together  in  these 
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tracks  of  the  finnament|  that  278,  besides  50  or  60  outliers,  have 
been  enumerated  by  Sir  J.  Herschel,  within  the  area  of  the  nubecula 
major  alone. 
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739.  Planetary  Oata.  —  Having  explained  in  a  former  part  of 
the  volume  the  principal  circumstances  attending  the  physical 
condition  and  motion  of  the  different  bodies  of  the  solar  system,  it 
remains  to  bring  them  into  juxtaposition,  to  view  them  collec- 
tively, and  to  supply,  in  tabulated  forms,  those  numerical  data 
which  at  any  given  time  may  assist  in  determining  their  positions 
and  motions. 

We  shall  therefore  give  in  this  concluding  chapter  a  short 
explanation  of  these  data  or  elements,  together  with  a  few  of  the 
methods  which  may  be  useful  in  an  investigation  of  the  movements 
of  the  various  members  of  the  system.  Our  limits,  however,  will 
not  permit  any  lengthened  detail ;  those  of  our  readers  who  desire 
to  enter  more  fully  into  the  mathematical  study  of  the  subject, 
are  therefore  referred  to  those  special  works  on  the  different 
branches  of  the  science  which  have  been  prepared  by  the  principal 
astronomers  of*  England  and  the  Continent 

Planetary  data  may  be  resolved  into  three  classes:  — 

I.  Those  which  determine  the  orbit 

II.  Those  which  determine  the  place  of  the  body  in  the  orbit 
in.  Those  which  determine  the  conditions  which  are  indepen* 

dent  of  the  orbit 

In  this  section  we  have  also  inserted  further  explanations  on 
some  important  points,  which  will  doubtless  tend  to  elucidate  the 
respective  subjects. 

I.  Data  which  determine  the  form,  magnitude,  mid  position  of  the 
orbits  of  the  planets, 

740.  Form  of  the  orbit  determined  by  tbe  excentrloitsr. — 

It  is  well  understood  (284)  that  the  form  of  an  ellipse  depends 
on  the  excentricity,  aU  ellipses  with  the  same  excentricity,  how- 
ever they  may  differ  in  magnitude,  having  the  same  form. 

Let  a  =the  mean  distance,  c  =  the  distance  of  the  centre  of  the 
orbit  from  the  centre  of  the  sun,  and  e  =  the  excentricity.  We 
shall  then  have 

e 

Q  G 
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The  values  ot  e,  in  tne  cases  of  all  the  principal  planets, 
Mercury  excepted;  are  less  than  ^^,  In  the  case  of  Mercury  it  is 
about  if  and  in  the  larger  planets  ^Ss- 

In  the  case  of  the  planetoids,  the  excentricities  are  subject  to 
great  and  exceptional  variation,  amounting  in  the  case  of  Poly- 
hymnia to  }f  whilst  in  that  of  Harmonia  it  amounts  to  about  ^V- 

741 .  Maffnitnde  determined  by  seml-uEU  m^for.  —  As  the 
excentricity  determines  the  form,  the  semi-axis  determines  the 
magnitude,  of  the  orbit  This  quantity  forms  in  other  respects  a 
very  important  planetary  element,  since  upon  it  is  dependent  the 
periodic  time,  and  consequently  the  mean  angular  and  mean  linear 
velocity  in  the  orbit 

742.  Positton  of  tbe  plane  of  tlie  orbit.  —  The  plane  of  the 
orbit  must  always  pass  through  the  centre  of  the  sun,  which  is 
therefore  the  common  point  at  which  the  planes  of  all  the  planetary 
orbits  intersect.  But  to  define  the  position  of  the  plane  of  any 
orbit  something  more  is  necessary.  If  the  plane  of  the  earth^s 
orbit  be  provisionally  assumed  as  a  fixed  plane,  (which  however  it 
is  not),  the  positions  of  the  planes  of  the  orbits  of  the  planets, 
severally,  with  relation  to  it,  will  be  determined,  i  st,  by  the  angle 
at  which  they  intersect  it,  and,  zndly,  by  the  direction  of  the  line 
of  intersection. 

743.  Inclinations  of  tlie  orbits.  —  The  angles  which  the 
planes  of  the  orbits  of  the  principal  planets  fonn  with  the  plane 
of  the  ecliptic,  are  less  than  4°,  excepting  the  planet  Mercur}*, 
whose  orbit  is  inclined  to  the  ecliptic  about  7°.  The  planetoids, 
however,  are  very  exceptional,  the  orbit  of  Pallas  having  an  incli- 
nation of  34^° ;  the  inclinations  of  the  others  varying  from  26^  to 
less  than  1°. 

744.  &ine  of  nodes.  —  The  inclination  is  not  enough  to  deter- 
mine the  position  of  the  plane  of  the  orbit,  for  it  is  evident  that 
an  infinite  variety  of  difl'erent  planes  may  be  inclined  at  the  same 
angle  to  the  ecliptic.  If,  however,  the  direction  of  the  line  of 
intersection  of  the  plane  of  the  orbit  with  the  plane  of  the  ecliptic 
(which  line  must  always  pass  through  the  centre  of  the  sun)  be 
also  defined,  the  position  of  the  plane  of  the  orbit  will  be  deter- 
mined. This  line  of  intersection  is  called  the  line  ofnodeSf  being  the 
direction  in  which  the  nodes  of  the  planet's  orbit  are  seen  from  the 
sun.  If  an  observer  be  imagined  to  be  stationed  at  the  centre  of 
the  sun,  he  will  be  in  this  line,  and  the  nodes  will  be  viewed  by 
him  in  opposite  directions  along  this  line,  the  ascending  node  (293) 
being  viewed  in  one  direction,  and  the  descending  node  in  the 
other. 

745.  XioniTitnde  of  ascending  node. — It  has  been  customary 
to  define  the  direction  of  the  line  of  nodes  by  the  angle  which  the 
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direction  of  the  ascending  node,  seen  from  the  sun,  makes  with  the 
direction  of  the  ''first  point  of  Aries/'  or,  what  is  the  same,  by  its 
heliocentric  longitude. 

The  position  of  the  plane  of  the  orbit  is  therefore  determined  by 
its  inclmaUon  and  the  longitude  of  the  ascending  node, 

746.  Aoniritnde  of  peiibellon.  —  These  data,  however,  are 
still  insufficient  to  determine  the  position  of  the  orbit  They 
would  be  sufficient  if  the  orbit  were  circidar,  since  a  circle  is 
symmetrical  with  relation  to  its  centre.  But  the  orbit  being  an 
ellipse,  the  major  axis  may  have  an  infinite  variety  of  different 
directions,  all  of  which  shall  pass  through  the  sun's  centre,  and  all 
of  which  shall  be  in  the  same  plane.  After  defining,  therefore,  the 
position  of  the  plane  of  the  orbit,  it  is  necessary  to  determine  the 
position  of  the  orbit  upon  that  plane,  and  this  is  determined  by  the 
direction  of  its  major  axis,  just  as  the  plane  itself  was  determined 
by  the  direction  of  the  line  of  nodes,  and  as  the  latter  was  deter- 
mined by  the  heliocentric  longitude  of  the  ascending  node;  the 
position  of  the  orbit  upon  its  plane  is  determined  by  the  heliocentric 
longitude  of  perihelion  (286;. 

747.  ]*lTe  elements  wliieh  determine  tbe  orbit. — The 
orbit  of  a  planet  is  therefore  determined,  in  form,  magnitude, 
and  position,  by  the  five  following  data,  which  are  cdiled  its 
elements: — 

1 .  The  semi-axis,  or  mean  distance  -  -  -  a 

2.  The  excentricity  -            -            -  -  -  « 

3.  The  inclination     -            -            -  -  -  t 

4.  The  longitude  of  the  ascending  node  ->  •  v 

5.  The  longitude  of  perihelion           -  -  -  » 

The  excentricity  is  sometimes  expressed  by  the  angle  ^,  of  which 
e  is  the  sine,  which  is  called  the  "  angle  of  excentricity." 

748.  Slements  subject  to  slow  ▼ariatlon — Bpooh. — If  the 

elements  of  the  orbit  were  invariable,  they  would  be  4dways  known 
when  once  ascertained.  But  although  for  short  intervah  of  time 
they  may,  without  sensible  error,  be  regarded  as  constant,  some  of 
them  are  subject  to  slow  variations,  which,  after  long  intervals, 
such,  for  example,  as  centuries,  completely  change  the  orbits. 
These  variations  have  been  calculated  with  surprising  precision, 
and  are,  moreover,  found  to  be  periodical,  although  their  periods 
are  in  general  of  such  magnitude  as  to  surpass  not  only  the  limits 
of  human  life,  but  those  of  all  human  record. 

Since,  therefore,  the  planetary  orbits  are  thus  subject  to  a  slow 
but  constant  change,  it  is  necessary  in  assigning  their  elements  to 
assign  also  the  date  at  which  the  orbits  had  these  elements.  When 
the  rates  at  which  the  elements  severally  vary  are  known,  their 
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Fig.  loj. 


values  at  any  assigned  date  being  given^ 
their  values  at  any  other  date,  anterior  or 
posterior,  can  be  determined. 

The  date  at  which  the  elements  of  the 
orbits  have  had  the  values  assigned  to 
them  is  technically  called  the  £P0CH. 

749.  Mean  distances  of  tlie  planets. 
—  In  Table  I.  at  the  end  of  this  chapter, 
the  mean  distances  of  the  planets  are 
given,  that  of  the  Earth  being  unity.  The 
phmets  will  be  found  in  this  table  ar- 
ranged in  the  order  of  their  mean  dis- 
tances from  the  sun ;  the  reader  can  thus 
see  at  a  glance  the  relative  position  in 
the  solar  system  of  each  member  of  the 
planetary  group,  with  the  exception  only 
of  Vulcan,  which  though  believed  by  many 
to  have  a  real  existence,  is  not  yet  suf- 
ficiently recognised  to  be  incorporated  in  a 
synoptical  table  of  the  established  planets. 

In  Table  II.  the  distances  of  the  planets 
from  the  sun  and  earth  are  given  in  mil- 
lions of  miles. 

To  illustrate  the  relative  mean  distances 
of  the  planets  from  the  sun,  and  fr*om  each 
other,  we  have  delineated,  nearly  in  their 
proper  proportions,  the  mean  distances  of 
the  principal  planets,  and  the  planetoids 
or  asteroids,  in  JUj.  103. 

II.   Data  to  determine  the  place  of  the 
planet, 

750.  By  tbe  epoch  and  the  mean 
dally  motion. — The  orbit  being  defined 
in  magnitude,  form,  and  position,  it  is  ne- 
cessary' to  supply  the  data  by  which  the 
position  of  the  planet  in  it  at  any  assigned 
time  may  be  foimd.  It  will  be  sufficient 
for  this  to  assign  the  position  which  the 
planet  had  at  the  epoch,  and  the  periodic 
time,  from  which  the  mean  daily  motion 
of  the  planet  can  be  inferred.  By  means 
of  this  motion,  the  mean  place  of  the 
planet  for  any  given  time  anterior  or  pos- 
terior to  the  epoch  can  be  determined. 


SYNOPSIS  OF  THE  SOLAR  SYSTEM.  445 

751.  The  equatton  of  tbe  centre. — To  find  the  true  place  of 
the  planet  a  further  correction,  however,  is  necessary.  The  angular 
velocity  of  the  planet  referred  to  the  sun  is  not  uniform,  being 
greatest  at  perihelion  and  least  at  aphelion.  The  difference  be- 
tween the  position  which  the  planet  would  have,  as  seen  from  the 
sun,  if  its  angular  motion  were  uniform  and  that  which  it  actually 
has,  is  called  the  '* equation  of  the  centre"  and  tables  are  computed 
by  which  this  correction  for  each  planet  may  be  made,  so  that,  the 
mean  place  of  the  planet  in  its  orbit  being  determined,  the  true 
place  may  be  found. 

752.  Sidereal  and  eqnlnozlal  periods.  —  The  sidereal 
PERIOD,  or  the  time  which  the  planet  takes  to  make  a  complete 
revolution  round  the  sun,  will  be  found  in  the  table  of  the  principal 
elements. 

If  the  equinoxial  points  were  fixed,  the  sidereal  period  would  be 
equal  to  the  interval  between  two  successive  returns  of  the  planet 
to  the  same  equinoxial  point  But  the  equinoxial  points  are  sub- 
ject, as  already  explained  ( 1 74),  to  a  very  slow  retrograde  motion,  in 
virtue  of  which  the  first  point  of  Aries,  from  which  right  ascensions 
and  longitudes  are  measured,  moves  annually  from  the  east  to  west 
upon  the  ecliptic  through  a  space  a  little  less  than  a  minute.  A 
planet,  therefore,  departing  from  the  vernal  equinoxial  point,  and 
moving  constantly  from  west  to  east,  will  return  to  that  point  before 
it  completes  its  revolution,  inasmuch  as  that  point  moving  in  the 
contraiT  direction  meets  it  before  its  return  to  the  point  of 
departure. 

It  follows  from  this,  that  the  interval  between  two  successive 
returns  to  the  vernal  equinoxial  point  is  a  little  less  than  the 
siderenl  period.     This  interval  is  called  the  equitwxial period. 

753.  Perlbelion  and  aphelion  dlstanoes. — Let  the  extreme 
and  menu  distances  of  the  earth  from  the  sun,  expressed  in  millions 
of  miles,  be 

d  =  mean  distance 
d'  =  least  distance 
rf"  ^  greatest  distance : 

we  shall  then  have,  according  to  what  has  been  already  explained 
and  proved, 

d=gii    cf=9'ij  X  (I -6)    <r'=9ii  X  (i +«)» 

the  value  of  e  in  the  case  of  the  earth  being  00 167  705. 

Let  the  mean  and  extreme  distances  of  a  planet  from  the  sun  be 
in  like  manner  expressed  by  D,  d'  d"  in  millions  of  miles,  and  we 
shall  have 

D  =  9ija    D'=9ijax  (1 -tf)    d"=9IJ  a  x  (i  +  •). 
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The  distance  8  of  a  planet  from  the  earth  at  raperior  oonjnnction 
being  equal  to  the  sum  of  the  distances  of  the  earth  and  planet 
from  the  sun^  we  shall  have 

8  =  D  +  dl 

This  will  Tarj,  because  the  distances  from  the  sun  vary.  It  will 
be  greatest  when  the  earth  and  planet  are  both  in  aphelion,  and 
least  when  they  are  both  in  perihelion.  If  s^',  therefore,  express 
the  greatest,  and  s^  the  least  possible  distance  of  the  planet  when 
in  conjunction,  the  mean  being  expressed  by  s,  we  shall  have 

The  distance  of  an  inferior  planet  from  the  earth,  when  in 
inferior  conjunction,  is  found  by  subtracting  the  planet's  distance 
from  the  sun  from  the  earth's  distance.  If  o  express  the  mean 
distance  of  the  planet  in  inferior  conjunction  from  the  earth,  we 
shall  have 

o  =  c?— D. 

The  distance  will  vary  according  to  the  relative  positions  of  the 
axes  of  the  elliptic  orbits,  and  will  evidently  be  greatest  when 
the  earth  is  in  aphelion  and  the  planet  in  perihelion,  and  least 
when  the  earth  is  in  perihelion  and  the  planet  in  aphelion.  If  o'^ 
and  o'  then  express,  as  before,  the  greatest  and  least  possible  dis- 
tances of  the  planet  in  inferior  conjunction,  we  shall  have 
o"  =  cr'-D'        o'=rf'-D". 

The  distance  of  a  superior  planet  in  opposition  is  found  by  sub- 
tracting the  earth's  distance  from  the  planet's  distance ;  and  it  may 
in  like  manner  be  shown  that  the  mean  and  extreme  distances  of 
the  planet  in  opposition  from  the  earth  will  be 

o=D-rf        o"=D"  — (f        o'=D'-rf". 

in.  CondUiona  affeding  the  physical  cmd  mechanical  state  of  the 
planet  independently  of  its  orbit, 

754.  In  the  preceding  chapters  we  have  generally  explained  and 
illustrated  the  methods  by  which  the  real  magnitudes,  maBses^ 
densities,  diurnal  rotation,  and  superficial  gravity  of  the  planets 
are  determined.  These  data  and  some  others  are  brought  together 
and  arranged  in  juxtaposition,  being  expressed  numerically,  with 
relation  to  the  most  generally  useful  units,  in  the  Tables  III.  IV. 
andV. 

The  methods  of  computing  many  of  the  quantities  and  magni- 
tudes given  in  the  several  columns  of  these  Tables  have  been 
already  explained.  Some  of  them,  however,  require  further  eluci- 
dation. 
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Id  Devenil  parts  of  this  Tolume  reference  is  made  to  the  linear 
value  of  an  arc  at  a  distant  object;  it  would  therefore  be  useful  here 
to  give  the  methods  for  its  determination. 

755.  melatlTe  macnitades  of  Area  of  1%  1^  and  1'^  and  tbo 
imdiua. — It  is  proved  in  geometry  that  the  length  of  the  entire 
circumference  of  a  circle  whose  radius  is  expressed  by  rooo 
exceeds  6-283  ^7  ^^^  ^^  ^®  5000th  part  of  the  radius.  As  the 
ttcact  length  of  the  circumference  does  not  admit  of  any  numerical 
expression,  it  will  therefore  be  sufficient  for  all  practical  purposes 
to  take  6*283  ^  express  it 

If  d,  m,  and  8  express  respectively  the  actual  lengths  or  Hnear 
values  of  a  degree,  a  minute,  and  a  second  of  a  circle,  the  length  of 
whose  radius  is  expressed  by  r,  we  shall  therefore  have  the  follow- 
ing nimierical  relations  between  these  several  lengths :  — 

6oX8^m,        6oxm=:dy        3600  x*=</ 

36oc?=6-283r,        360x60  xm  =  21600  x  m= 6*283  ^^9 

21600x60  x*=i  296000  X*=6-283  xr, 

and  from  these  may  be  deduced  the  following : 

r=57-3  xc?=3437'8  Xm=  206265  x*. 

By  these  formulae  respectively  the  length  of  the  radius  may  be 
computed  when  the  linear  value  of  an  arc  of  I®,  l',  or  i"  is 
known. 

In  like  manner,  if  the  length  of  the  radius  r  be  given,  the 
linear  value  of  an  arc  of  1®,  i',  or  l"  may  be  computed  by  the 
formulsB 

57J         '  34J78        '  ao6i65 

756.  The  linear  and  anrnlar  maffnitndes  of  an  aro. — By 

the  linear  magnitude  of  an  arc  is  to  be  understood  its  actual  length 
if  extended  in  a  straight  line,  or  the  number  expressing  its  length 
in  imits  of  some  known  modulus  of  length,  such  as  an  mch,  hfoot, 
or  a  mile.  By  its  angular  magnitude  is  to  be  understood  the  angle 
formed  by  two  lines  or  radii  drawn  to  its  extremities  from  the 
centre  of  the  circle  of  which  it  forms  a  part,  or  the  number  express- 
ing the  magnitude  of  this  angle  in  angiilar  units  of  known  value,  as 
degrees,  minutes,  and  seconds. 

757.  Of  tlie  tbree  following  qnantltlea, — tbo  linear  Taluo 
of  an  aro,  its  an^nlar  TaluOf  and  tbe  lonvtli  of  the  radius, — 
any  two  belny  ^ven,  the  tlilrd  may  be  computed. — Let  a 
express  the  angular,  and  a  the  linear  value  of  the  arc,  and  r  the 
radius. 

I  St.  Let  a  and  a  be  given  to  compute  r.  By  dividing  a  by  a  we 
shall  find  the  linear  value  of  I  °,  1 ',  or  i '',  according  as  a  is  expressed 
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in  degrees,  minutes,  or  seconds,  and  r  maj  then  be  computed  by 
(7  5  5)*  ^^^1  according  to  the  angular  units  In  which  a  is  expressed, 
we  shall  have 

^=^>^S7'3         »'=^/X  3437-8  r=^x  206265. 

xndly.  Let  a  and  r  be  given  to  compute  a.  By  (755)  the  linear 
values  of  1**,  1%  or  l"  may  be  computed,  since  r  is  given,  and  by 
dividing  a  by  one  or  other  of  these  values,  a  will  be  found :  thus  we 
shall  have 


o'rr- 


57J 


Xr 


34378 


Xr 


:xr 


3rdly.  Let  a  and  r  be  jj^ven  to  compute  a.  By  (755),  as  before, 
the  liuear  values  of  1°,  r,  or  i"  may  be  found,  and  by  multiplying 
one  or  other  of  these  by  a  the  value  of  a  will  be  obtained :  thus  we 
shall  have 

758.  Metliod  of  eomputinr  tbe  extreme  and  mean  appa- 
rent dlametere. — The  real  diameter  8  being  ascertained  by  the 
methods  explained  in  (757),  a  being  the  apparent  diameter,  and  r 
the  distance,  the  extreme  variation  of  tbe  apparent  diameter  may 
be  found  from  a  comparison  of  the  real  diameter  with  the  extreme 
and  mean  distances  of  the  object  Supposing  n  to  represent  the 
mean  distance,  d'  the  least,  and  d^'  the  greatest  distance,  we  have 
thus (757) 

8  8  9 

o=-  X  206265  «'  =  p  X  206265         «"=5^  X  206265. 

759.  Sorfaoee  and  ▼olomee. — The  surface  of  the  earth  con- 
sists of  197  millions  of  square  miles,  and  its  volume  of  259,800 
millions  of  cubic  miles.  Let  these  numbers  be  expressed  respec- 
tively by  e'  and  e".  Since,  then,  the  surfaces  of  spheres  are  ns  tho 
squares,  and  their  volumes  ns  the  cubes  of  their  diameters,  if  a' 
express  the  surface,  and  a"  the  volume  of  a  planet  related  to  those 
of  the  earth  as  an  unit,  and  8'  the  surface  in  millions  of  square 
miles,  and  0''  the  volume  in  billions  of  cubic  miles,  we  sh>ill 
have 


A'=A« 
8'=A'XB' 


A"=A' 

8"=-A"XE" 


760.  The  BKaMies. — If  K  and  m'  be  any  two  masses  of  matter, 
the  attractions  which  they  will  exert  upon  any  bodies  placed  at 
equal  distances  from  their  centres  of  gravity  will  be  in  the  exact 
pr.>portion  of  the  quantities  of  ponderable  matter  composing  them. 
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But  it  will  be  convenient  to  obtain  the  teiation  between  the 
masses  and  the  attractions  thej  exert  at  unequal  distances.  For 
this  purpose,  let  the  attractions  which  they  exert  at  equal  dis- 
tances be  expressed  by/ and y^,  and  let  the  common  distance  at 
which  those  attractions  are  exerted  be  expressed  by  x,  and  let  F 
and  F^  express  the  attractions  which  they  respectively  exert  at  any 
other  distances,  r  and  r^,  and  we  shall  have,  according  to  the 
general  law  of  gravitation, 


/ 

:  f: 

.1.1 

/ 

:  F' 

.._L.  > 

and  consequently 

i« 

I 

-4-U- 

from  which  it  follows  that 

'?- 

FXr 
Vxr^' 

But  since  the  masses  x  and  m'  are  proportional  to  the  attractions 
ftmdf,  we  have 

/      m" 


and  therefore 


M  _  F  X  r* 
M'~F  xr^ 


that  is,  the  attracting  masses  are  proportional  to  the  products 
obtained,  by  multiplying  any  two  forces  exerted  by  them  by  the 
squares  of  the  distances  at  which  such  forces  are  exerted. 

Hence,  in  all  cases  in  which  the  attractive  forces,  exerted  by  any 
central  masses  at  given  distances,  can  be  measured  by  any  known 
or  observable  motions,  or  other  mechanical  effects,  the  proportion 
of  the  attracting  masses  can  be  determined. 

761.  ISstiinatlon  of  central  masses  aroand  which  bodies 
revolve.  —  If  bodies  revolve  around  central  attracting  masses  as 
the  planets  revolve  around  the  sun,  and  the  satellites  around  their 
primaiies,  the  ratio  of  the  attracting  forces,  and  therefore  that  of 
the  central  masses,  can  be  deduced  from  the  periods  and  distanoefl 
of  the  revolving  bodies. 
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Thus  if  p  and  p'  be  the  periods  of  two  bodies  rerolyiog  around 
different  attracting  maaseSy  x  and  it,  at  the  distances  r  and  r',  we 
shall  have 

P"p»^  r'"r'^P»' 


and  substituting  this  for  ^in  the  formula  found  in  (760);  we 
have 

-—if    ll 


By  this  principle  the  ratio  of  the  attracting  masses  can  always 
be  ascertained  when  the  periods  of  any  bodies  revolTing  around 
them  at  known  distances  are  determined. 

762.  Beterminatton  of  the  ratio  of  the  masses  of  all 
planets  which  hare  satellites*  to  the  mass  of  the  sun.  — 
This  problem  is  nothing  more  than  a  particular  application  of  the 
principle  explained  above. 

To  solve  it  it  is  only  necessaiy  to  ascertain  the  period  and  dis- 
tance of  the  planet  and  the  satellite,  and  substitute  them  in  the 
formula  determined  in  (761).  The  arithmetical  operations  being 
executed,  the  ratio  of  the  masses  will  be  determined. 

763.  To  determine  the  ratio  of  the  mass  of  the  earth  to 
that  of  the  son. — Since  the  earth  has  a  satellite,  this  problem 
will  be  solved  by  the  method  given  in  (762). 

If  r  and  r'  express  the  distances  of  the  earth  from  the  sun  and 
moon,  and  p  and  p'  the  periods  of  the  earth  and  moon,  we  shall 
have 

p' 27*30  _      1 

p- 36525 -1338 


p=383 


^=56181887    I^-     ' 


79-024 


which  being  substituted,  and  the  operations  executed,  gives 


—,=  313823. 

This  quantity,  as  showing  the  ratio  of  the  mass  of  the  earth  to 
that  of  the  sun,  is  not  strictly  the  true  amount,  but  is  sufficiently 
close  as  an  illustration  of  the  method.    The  true  fraction,  the  sun 
bong  unity,  is  mftnjv- 
764.  Masses   of  planets. — ^The  masses  of  the  planets  in 
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relation  to  the  son  being  ascertained  by  the  yarious  methods  ex- 
plained in  (760)/  et  seq.f  and  the  ratio  of  that  of  the  sun  to  the 
earth  being  in  the  proportion  of  3 1 5,000  to  i,  let  A'"  express  the 
mass  related  to  that  of  the  earth,  and  2'^'  to  that  of  the  sun  as  the 
unit.    We  shall  then  haye 


A'''= . 


315000 


By  which  A'"  may  be  inferred  from  7f^\ 

The  actual  weight  of  the  earth  in  trillions  of  tons  may  be  easily 
computed.  Having  ascertained  the  linear  dimensions  and  the 
mean  density  of  the  earth,  it  is  a  question  of  mere  arithmetical 
labour  to  compute  its  volume  and  weight  The  uncertainty  attend- 
ing the  determinations  of  the  mean  density  of  the  earth,  however, 
will  prevent  any  very  accurate  result  For  example,  the  mean 
density  found  by  Mr.  Baily  was  5*67  times  that  of  water,  while 
that  resulting  from  the  Harton  experiments  was  6*57  times  greater 
than  that  of  water.  For  us  it  will  be  sufficient  to  adopt  the  former 
value,  which  is  used  generally  in  the  calculations  of  density  in 
various  parts  of  this  volume. 

Taking  the  dimensions  of  the  earth  at  a  little  less  than  8000 
miles  in  diameter,  its  volume  contains  about 

259,800  millions  of  cubic  miles,  or 
38,242,027,930  billions  of  cubic  feet 

The  average  weight  of  each  cubic  foot  cf  the  earth  being  5*67 
times  greater  than  the  weight  of  a  cubic  foot  of  water,  which  is 
found  to  be  equal  to  1000  ounces  or  62*5  lbs.  (H.  71),  is,  there- 
fore, 354*375  lbs.,  or  0*1587  of  a  ton.  It  follows,  consequently, 
that  the  total  weight  of  the  earth  amounts  to 

6,069,009,832  billions,  or 

6,069  trillions  of  tons. 

Let  the  actual  weight  of  the  earth  in  trillions  of  tons  be  there- 
fore 6069,  and  let  the  weight  of  any  other  mass  in  trillions  of  tons 
be  8'",  we  shall  have 

8''' =  A'"  X  6069. 

765.  The  densities. — The  mean  densities  beiug  the  quotients 
obtained  by  dividing  the  masses  by  the  volumes,  and  adopting  the 
mean  density  of  the  earth  related  to  that  of  water  as  determined  by 
Mr.  Baily,  the  unit  being  5*67  (80),  let  the  mean  density  of  any  of 
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the  other  bodies  related  to  that  of  the  earth  as  the  unit  be  x,  and 
related  to  water  xf^  and  we  shall  have 


a'" 
x=^        x'=xxs-67. 

It  is  evident,  however,  that  if  the  value  6*57  resulting  from  the 
experiments  made  in  the  Harton  Colliery,  under  the  superintend- 
ance  of  the  Astronomer  Royal,  were  used,  considerable  differences 
would  be  shown  in  the  used  mean  densities,  in  relation  to  that 
of  water,  of  all  the  bodies  of  the  solar  system.  It  is  only  an  example 
of  the  difficulty  of  obtaining  accurate  data,  let  the  experiments  be 
conducted  in  the  most  careful  and  unobjectionable  manner.  Both 
values  are  considered  trustworthy,  so  far  as  the  details  of  the 
different  methods  will  allow,  no  preference  can,  therefore,  be  given 
to  either  one  or  other  of  these  determinations.  However,  as  that 
resulting  from  the  Cavendbh  experiment  of  Mr.  Baily  has  generally 
been  used  in  the  comparison  of  the  different  densities  of  the 
planets,  we  have  adopted  it,  as  already  explained,  in  various  parts  of 
this  volume. 

766.  Certain  data  not  ezaotly  aaoertalnod. — ^It  will  be  use- 
fid,  therefore,  to  observe  that  in  the  determination  of  several  of 
these  data,  the  results  of  the  observations  and  computations  of 
asti-onomers  are  to  a  certain  extent  at  variance,  and  a  correspond- 
ing uncertainty  attends  such  data,  as  well  as  all  conditions  which 
depend  on  them  or  are  derived  by  calculation  from  them,  as  pre- 
viously explained  respecting  the  densities  of  planets.  This  is  more 
especially  the  case,  however,  with  the  masses  of  those  planets 
which  are  unaccompanied  by  satellites,  and  consequently  with  the 
densities  which  are  ascertained  by  dividing  the  masses  by  the 
volumes. 

767.  Bxample  of  tbe  masses  and  densities  of  some  planets. 
—As  an  example  of  the  character  and  extent  of  these  discrepancies, 
we  give  the  following  estimates  of  the  masses  of  some  of  the 
principal  planets  expressed  as  fractions  of  the  mass  of  the  sun ; 
the  colunm  a  contains  the  values  published  in  the  Annnaire  du 
Bureau  des  Longitudes ;  the  column  E  contains  the  values  assigned 
by  Professor  Eneke,  from  a  comparison  of  all  the  authorities,  except 
that  of  Neptune,  which  is  given  on  the  authority  of  Professor 
Pierce,  who  has  devoted  considerable  attention  to  the  theoretical 
investigations  of  the  motion  of  this  planet ;  and  the  columns  L  and 
H  the  values  given  in  the  treatises  lately  published  in  Germany  by 
Professors  Littrow  and  Madler. 
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Mbrcurt 
Vbnu»    -       - 
Eahth    - 
Mars      -       - 

Uranus  - 
Nbftuwr 

A. 

E. 

L. 

M. 

1 

I 
4865751 

I 
"4018J9 

I 
S8955I 

1 

1 

3015810 
I 
405871 
'l 

J55O0O 
I 

, 

^:    8    Si   II   5    ? 

4870333 

1 

40I718 

I 

•       355499 

I 

a;68c^oo 

I 
1451^ 

I 
14455 

a68ojj7 

I 
14905 

I 
18780 

1546310 

I 
11000 

I 
19000 

It  will  be  observed  that  in  Tables  III.  IV.  and  V.,  the  quantities 
are  in  all  cases  reduced  to,  and  expressed  in,  those  actual  standard 
measures  and  weights  with  which  all  persons  are  familiar.  The 
utility  of  this  was  very  forcibly  expressed  and  very  happily  illus- 
trated by  the  Astronomer  Royai,  in  the  popular  lectures  delivered 
by  him  at  Ipswich  in  March;  1 848. 

768.  Zntensi^  of  solar  liirlit  and  beat. — Since  the  intensity 
of  solar  radiation  decreases  as  the  square  of  the  distance  from  the 
sun  decreases;  if  y  expresses  its  intensity  at  the  mean  distance  of 
any  planet  relative  to  its  intensity  at  ike  earth;  as  the  imit,  we 
shall  have 

I 


769.  Buperlloial  pravitsr. — ^The  superficial  gravity  of  a  spherical 
body  being  in  proportion  to  its  masS;  divided  by  the  square  of  its 
semi-diameter;  and  the  height  through  which  a  body  faUa  upoa 
the  surface  of  the  earth  in  one  second  being  16  09 5  feet;  let  ^  ex- 
press the  superficial  gravity  of  a  spherical  body  related  to  that  of 
the  earth  as  the  unit,  and  let^  express  the  height  through  which 
a  body  submitted  to  it  would  fall  in  one  second;  and  we  shall  have 

a"' 
/=-^,      /=/xi6o95- 

770.  Orbital  Tolocitles. — It  is  easy  to  show  that  it  follows  as 
a  necessary  consequence  of  the  harmonic  law,  which  is  explained 
in  a  subsequent  part  of  this  chapter,  that  the  mean  orbital  veloci- 
ties of  the  planets  are  in  the  inverse  ratio  one  to  another  of  the 
square  roots  of  the  distances ;  for  since  these  velocities  are  propor- 
tional to  the  circumferences;  or;  what  is  the  same^  the  semi-diameten 
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of  the  orbits,  divided  by  the  periods,  they  are  proportional  to  —  ; 
but  since,  by  the  hannonic  law,  p^  is  proportional  to  a*,  the  velo- 
cities will  be  proportional  to  ~^,  or,  what  is  the  same,  to   —  that 

is,  inversely  proportional  to  the  square  roots  of  the  mean  distances. 
This  being  understood,  and  the  mean  orbital  velocity  of  the 
earth  expressed  in  miles  per  hour  being  65,533,  let  v  be  the  mean 
velocity  of  a  planet  related  to  that  of  the  earth  as  the  unit,  and  v^ 
its  mean  velocity  in  miles  per  hour,  and  we  shall  have 

v  =  — 4,       v'  =  vx  65533. 

and  since  the  ratio  of  miles  per  hour  to  feet  per  second  is  that 
of  5280  to  3600,  if  V  be  the  velocity  in  feet  per  second,  we  shall 
have 

v"=S|?xv'. 
360 

771.  Buperflolal  Telooitsr  of  rotatton.  —  The  superficial  ve- 
locity of  a  planet  at  its  equator  iu  virtue  of  its  diurnal  rotation  is 
found  by  comparing  the  circumference  of  its  equator  with  the  time 
of  its  rotation.  By  the  elementary  principles  of  geometry,  the  cir- 
cumference of  a  circle  whose  diameter  is  ^,  is  ^x  3*  141 6,  and  if  t 
oxprcss  the  time  of  rotation  in  hours,  we  shall  have  for  v,  the 
velocity  of  rotation  in  miles  per  hour 

^^8x3-1416. 

T 

which  may  be  reduced  to  feet  per  second,  as  before,  by 

t/=t.xil?. 
360 

772.  Solar  pravitatlon. —  The  general  law  of  gravitation  sup- 
plies easy  and  simple  means  by  which  the  force  of  the  8un*8 
attraction  at  the  mean  distance  of  each  of  the  planets  may  be 
brought  into  immediate  comparison  with  the  known  force  of  gravity 
at  the  surface  of  the  earth. 

Let  this  latter  force  be  expressed  by  g.  It  will  decrease  in  the 
name  ratio  as  the  square  of  the  distance  of  the  body  affected  by  it 
increases.  The  distance  of  the  sun  being  23,070  semi-diameters 
of  the  earth,  the  intensity  of  the  attraction  which  the  earth's  mass 
would  exert  at  that  distance  would  be 
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y  „  ^ 

23070  X  23070    5 3 2,224,900* 

But  the  mass  of  the  sun  being  3 1  ^,000  times  that  of  the  earth| 
it  will  at  the  same  distance  exert  an  attraction  315,000  times 
greater.  The  intensity  of  the  attraction,  therefore,  which  the  sun 
exerts  at  the  earth's  mean  distance  will  be 

3iSOOO_    g     , 
23070^      1690  ' 

and  the  intensity  of  its  attraction  at  the  mean  distance  of  the  other 
planets  being  still  inversely  as  the  squares  of  the  distances,  mil  be 
found  by  dividing  this  by  a^.  So  that  if  o  express  this  attraction, 
and  F  the  height,  in  thousandths  of  an  inch,  through  which  a  body 
placed  at  each  distance  would  fall  in  one  second,  we  shall  have 

^^^IsfsS"*'       P=i6o95X  12x6=193140. 

By  the  numbers  given  in  the  column  e,  it  is  there  to  be  under- 
stood that  a  mass  of  matter  which,  placed  upon  the  surface  of  the 
earth,  would  weigh  the  number  of  pounds  expressed  by  the  deno- 
minators of  the  fractions  severally,  would,  if  submitted  only  to  the 
sun's  attraction  at  the  respective  mean  distances  of  the  planets, 
gravitate  to  the  sun  with  the  force  of  one  pound.  Thus,  a  mass 
which  on  the  earth's  surface  would  weigh  1690  lbs.,  would  weigh 
only  one  pound  if  exposed  to  the  sun's  attraction  in  the  absence  of  the 
earth .  In  like  manner,  a  mass  which  upon  the  earth's  surface  would 
weigh  1,524,652  lbs.,  or  680  tons,  would,  if  exposed  to  the  sun's 
attraction  at  the  mean  distance  of  Neptune,  weigh  only  one  pound, 
so  exti-emely  is  the  intensity  of  solar  attraction  enfeebled  by  the 
enormous  increase  of  distance.     (Table  V.) 

The  numbers  given  in  the  column  F  have  a  more  absolute  sense, 
and  express  in  thousandths  of  an  inch  the  actual  spaces  through 
which  a  body  would  be  drawn  in  one  second  of  time  by  the  sun's 
attraction  at  the  mean  distances  of  the  planets  severally. 

773.  Caloulatioii  of  the  central  force  of  cravity  by  the 
▼elocity  and  curvature  of  a  body. — The  space  through  which 
any  central  attraction  would  draw  a  body  in  a  given  time  can  be 
easily  calculated,  if  the  body  in  question  moves  in  a  circular,  or 
nearly  circular,  orbit  around  such  a  centre,  as  all  the  planets  and 
satellites  do. 

Let  T.fji{/.  104,  be  the  centre  of  attraction,  and  E  tw  the  distance 
or  radius  vector.     Let  wi  wi'  =  v,  the  linear  velocity.    Let  m  «'  and 
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n  m' be  drawn  at  right  angles  to  E  inland  therefore  parallol  to  each 
other.  The  Telocity  m  n/  may  be  considered  aa  compounded  of  two 
forces  (M.  1 69)^  one  in  the  direction  m  n*  of  the  tangent, 
and  the  other  mn  directed  towards  the  centre  of 
attraction  s.  Now  if  the  body  were  deprived  of  its 
tangential  motion  m  n',  it  would  be  attracted  towards 
the  centre  £,  through  the  space  m  it,  in  the  imit  of 
time.  By  means  of  this  space,  therefore,  the  force 
which  the  central  attraction  exerts  at  m  can  be 
brought  into  direct  comparison  with  the  force  which 
terrejitrial  gravity  exerts  at  the  surface  of  the  earth. 

It  follows,  therefore,  that  if/  express  the  space 
through  which  such  a  body  would  be  drawn  in  the 
unit  of  time,  falling  freely  towards  the  centre  of  at- 
traction, we  shall  have  /=m  n.  But  by  the  ele- 
mentary principles  of  geometry, 


E 

Fig.  104- 


Therefore, 


mnx  2  Em=mm'*. 


^     2r' 


that  is,  the  space  through  which  a  body  would  be  drawn  towards 
the  centre  of  attraction,  if  deprived  of  its  orbital  motion,  in  the  unit 
of  time,  is  found  by  dividing  the  square  of  the  linear  orbital  velocity 
by  twice  its  distance  from  the  centre  of  attraction. 

Since  Y=   ^^  °   we  shall  also  have 
206265 

>._      r  X  g' 

■'     2  X  206265' 

The  attractive  force,  or,  what  is  the  same,  the  space  through 
which  the  revolving  body  would  be  drawn  towards  the  centre  in  tbe 
unit  of  time,  can,  therefore,  be  always  computed  by  these  formulse, 
when  its  distance  from  the  centre  of  attraction  and  its  linear  or 
angular  velocity  are  known. 

Since 

_ 1296000 

which  bemg  substituted  for  a  in  the  preceding  formula,  will  give 


/=4i254ix-; 
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by  which  the  attractive  force  may  always  be  calciilated  when  the 
distance  and  period  of  the  revolying  body  are  known. 

774.  Xiaw  of  ffravitatton  staown  in  the  case  of  tbe  moon. 

— The  attraction  exerted  by  the  earth,  at  its  surface,  may  be 
compared  with  the  attraction  it  exerts  on  the  moon  by  thesa 
formulsa. 

In  the  case  of  the  moon  v=0'63  56  miles,  and  r=  239,000  miles, 
and  by  calculations  from  these  data,  we  find 

f  =  o*oooooo8459'""**=o-o536*''«*** 

The  attraction  exerted  by  the  earth  at  the  moon's  distance  would, 
therefore,  cause  a  body  to  fall  through  536  ten-thousandths  of  an 
inch,  while  at  the  earth*8  surface  it  would  fall  through  193  inches 
(M  24s). 

The  intensity  of  the  earth's  attraction  on  the  moon  is,  therefore, 
less  than  its  attraction  on  a  body  at  the  surface,  in  the  ratio  of 
1 ,930,000  to  536,  or  3600  to  I,  or,  what  is  the  same,  as  the  square 
of  60  to  1. 

But  it  has  been  shown  that  the  moon's  distance  from  the  earth's 
centre  is  60  times  the  earth's  radius.  It  appears,  therefore,  that 
in  this  case  the  attraction  of  the  earth  decreases  as  the  square  of 
the  distance  from  the  attracting  centre  increases ;  and  that  conse- 
quently, the  same  law  of  gravitation  prevails  as  in  the  elliptic  orbit 
of  a  planet. 

775.  Bun's  attraction  on  planets  compared — law  of  praTi- 
tation  fViUllled. — In  the  same  manner,  exactly,  the  attractions 
which  the  sun  exerts  at  different  distances  may  be  computed  by  the 
motions  and  distances  of  the  planets.  The  distance  of  a  planet  gives 
the  circumference  of  its  orbit,  and  this,  compared  with  its  periodic 
time,  will  give  the  arc  through  which  it  moves  in  a  day,  an  hour,  or 
a  minute.  This,  represented  by  m  m'.  Jig.  1 04,  being  known,  the 
space  m  n  through  which  the  planet  would  fall  towards  the  sun  in 
the  same  time  may  be  calculated,  and  this  being  done  for  any  two 
planets,  it  will  be  found  that  these  spaces  are  in  the  inverse  ratio  of 
the  squares  of  their  distances. 

Thus,  for  example,  let  the  earth  and  Jupiter  be  compared  in  this 
manner.  If  d  express  the  distance  from  the  sun  in  miles,  P  the 
period  in  days,  a  the  arc  of  the  orbit  in  miles  described  by  the 
planet  in  an  hour,  and  H  the  space  m  n  in  miles,  through  which  the 
planet  would  fall  towards  the  sun  in  an  hour  if  the  tangential  force 
were  destroyed,  we  shall  then  have 


H  R 
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D. 

P. 

A. 

H. 

Earth    -       . 
Jnplter-       - 

91,500,000 
475.700,000 

,65  i6 
4Ui6x 

65.5^ 
"741 

t4-4tto 

Now,  on  comparing  the  numbers  in  the  last  column  with  the 
squares  of  those  in  the  first  column,  we  find  them  in  almost  exact 
accordance.    Thus, 

(9>i)' :  (4757)' ::  a+'+o^  '  o-9028- 

The  difierence,  small  as  it  is,  would  disappear,  if  exact  ralues  were 
taken  instead  of  round  numbers. 

776.  The  liarmoiiio  law. — A  remarkable  numerical  relation 
thus  denominated,  prevails  between  the  periodic  times  of  the 
planets  and  their  mean  distances,  or  major  axes  of  their  orbits. 
If  the  squares  of  the  numbers  expressing  their  periods  be  compared 
with  the  cubes  of  those  which  express  their  mean  distances,  they 
will  be  found  to  be  very  nearly  in  tiie  same  ratio.  They  would  be 
exactly  so  if  the  masses  or  weights  of  the  planets  were  absolutely 
insignificant  compared  with  that  of  the  sun.  But  although  these 
masses,  as  will  appear,  are  comparatively  very  small,  they  are 
sufficiently  considerable  to  affect,  in  a  slight  degree,  this  remark- 
able and  important  law. 

Omitting  for  the  present,  then,  this  cause  of  deviation,  the 
harmonic  law  may  be  thus  expressed.  If  P,  p',  p^^,  &c.,  be  a  series 
of  numbers  which  express  or  are  proportional  to  the  periodic 
times,  and  r,  r',  r^\  &c.,  to  the  mean  distances  of  the  planets,  we 
shall  have 

^_^     r"'    . 


that  is,  the  quotients  found  by  dividing  the  numbers  expressing 
the  cubes  of  the  distances  by  the  numbers  which  express  the 
squares  of  the  periods  are  equal,  subject  nevertheless  to  such 
deviations  &om  the  law  as  may  be  due  to  the  cause  above  men- 
tioned 

777.  Vnllllled  hj  the  planets. — Method  of  oomputlnr  tbe 
Olstanoe  of  a  planet  from  tbe  sun  when  its  periodic  time  is 
known. — To  show  the  near  approach  to  numerical  accuracy  with 
which  this  remarkable  law  is  fulfilled  by  the  motions  of  the  planets 
composing  the  solar  system,  we  have  exhibited  in  the  following 
table  the  relative  approximate  numerical  values  of  their  several 
distances  and  periods,  and  it  is  evident  on  comparing  the  two 
columns  which  give  the  cubes  of  the  distance,  and  the  squares  of 
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the  period9,  that  the  quotients  found  bj  dividing  the  column  r^  by 
that  of  p'  are  senflibly  equal :  — 


ftflWW. 

Ftrod. 

SqMttor  r^fhfd^ 

NiNdTFiuin. 

r 

r 

t* 

ifl 

Mwtvj 

Cft^T 

OH' 

flrofT^Aote] 

CTOSSD»t 

Vmoi  -          -          * 

tfTLJ 

0615 

0^17;^!  10*7 

ojTt"* 

lUfth  - 

1  00 

ItB 

J'OOOOCBOOO 

I'OOOOOO 

M.n    -          - 

VfX 

rKS 

1$  &:{ooci 

PUnttoldi         - 

150 

400 

Jupitar 

rio 

Trfc6 

t4c6Q»isco 

i+jMg6 

Siturii .           ^           > 

,Jfl 

*9-(6 

8701^00 

Uf«iu» 

F2! 

70fj-79l6|l 

7057^6ftJi 

Neptun* 

locoa 

i«4-^ 

17000  000000 

I7095r74+* 

In  general  the  distance  of  a  planet  from  the  sim  can  be  com- 
puted by  means  of  this  law,  when  the  distance  of  the  earth  and 
the  periodic  times  of  the  earth  and  planet  are  known. 

For  this  purpose  find  the  nimiber  which  expresses  the  periodic 
time  P  of  the  planet,  that  of  the  earth  being  expressed  by  i ;  and 
let  J>  be  the  number  which  expresses  the  mean  distance  of  the 
planet  from  the  sun,  that  of  the  earth  being  also  expressed  by  1. 
We  shall  then,  according  to  the  harmonic  law,  hay» 


from  which  we  obtain 


P»=D». 


To  find  the  distance  D,  therefore,  it  is  only  necessary  to  find  the 
aumber  whose  cube  is  the  square  of  the  number  expressing  the 
period,  or,  what  is  the  same,  to  extract  the  cube  root  of  the  square 
of  the  period. 

778.  Barmonio  law  deduced  fk^mi  the  law  of  pravitatloii. — 
It  is  not  difficult  to  show  that  this  remarkable  law  is  a  necessary 
consequence  of  the  law  of  gravitation. 

Supposing  the  orbits  of  the  planets  to  be  circular,  which  for 
this  purpose  they  may  be  taken  to  be,  let  the  distance,  period,  and 
angular  velocity  of  any  one  planet  be  expressed  by  r,  p,  and  a,  and 
those  of  any  other  by  K  p'  and  c/,  and  let  the  forces  with  which  the 
sun  attracts  them  respectively  be  expressed  by/ and ^.  We  shall 
then,  according  to  what  has  been  proved  (773),  have 


/='i 


X  206265 


•^  ""2  X  206265' 


and  therefore 


f:f::rxa^  : 

H  H  2 


r'Xaf*. 
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But  hy  the  law  of  grayitatioii 

therefore 

r^  :  t^ ::  rxe?  :  r^xe^, 
and  consequently 

r^Xrt^«=r»Xo«. 

But  the  angles  described  in  the  unit  of  time  are  found  by  drnding 
360^  by  the  periodic  times.    Therefore, 

360**  ^      360** 

« —  «  =  -?- 

and  consequently 

which  is,  in  fact,  the  harmonic  law. 

779.  Xepler'a  Iswa.  —  The  three  great  planetary  laws  dis- 
covered by  Kepler,  and  which  are  generally  known  by  his  name, 
are  l,  the  equable  description  of  areas;  2,  the  elliptic  form  of 
the  orbits ;  and  3,  the  harmonic  law,  which  has  been  explained 
above.  Kepler  deduced  them  as  matter  of  fact  from  the  recorded 
observations  of  himself  and  other  astronomers,  but  failed  to  show 
the  principle  by  which  they  were  connected  with  each  other. 
Their  interpretation  was  given  by  Newton,  who  showed  their  con- 
nection. 

We  must  refer  those  of  our  readers  who  desire  an  extended 
theoretical  knowledige  of  the  movements  of  the  solar  system, 
including  the  application  of  these  celebrated  laws  of  Kepler,  to 
those  special  works  on  the  higher  branches  of  astronomy,  which 
have  been  prepared  solely  for  the  assistance  of  students  of  this 
science.  It  is  not  the  object  of  this  work  to  enter  fully  into 
questions  requiring  the  use  of  mathematical  analysis  for  their 
elucidation,  as  indeed,  the  limited  space  allotted  to  this  volume 
would  not  allow  us  to  do ;  but  it  has  been  the  endeavour  to  give  a 
general  idea  of  the  peculiarities  of  the  various  members  of  the 
solar  system  in  a  plain  and  popular  manner,  without  disturbing  the 
reader  with  mathematical  symbols  in  the  explanations. 

780.  The  apparent  motion  of  an  inferior  planet.  —  Before 
proceeding  to  exhibit  in  a  synoptical  table  the  principal  elements 
of  the  various  planets  jcomposing  the  solar  system,  it  will  be  proper 
in  this  place  to  give  a  simple  explanation  of  the  apparent  motions 
of  an  inferior  and  a  superior  planet  in  reference  to  the  earth.  To 
deduce,  therefore,  the  apparent  from  the  real  motion  of  an  inferior 
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Fig.  105. 


planet,  let  B,  fig,  105,  be  the  place  of  the  earth,  i  that  of  the  Bun, 

and  c  6  c'  « the  orbit  of  the  pknet ;  the  direction  of  the  planet's 

motion  being  shown  by  the  arrows, 

the  positions  which  it  assumes  suc- 
cessively are  indicated  at  cfy  a\  e,  a,  c, 

6,  e^j  and  I/,    Since  the  earth  moves 

round  the  sun  in  the  same  direction 

as  the  planet,  the  apparent  motion  of 

the  sun  «  will  be  from  the  left  to  the   . . 

right  of  an  observer  looking  from  E  at  ft 

«;  and  since  this  motion  is  always    *V 

from  west  to  east,  the  planet  will  be 

west  of  the  sun  when  it  is  anywhere 

in  the  semicircle  chtfVc'y  and  east  of 

it  when  it  is  anywhere  in  the  semicircle 

c'  fl'  c  a  c. 

The  elongation  (272)  of  the  planet, 

being  the  angle  formed  by  lines  drawn 

to  the  sun  and  planet  from  the  earth, 

will  always  be  east  when  the  planet 

is  in  the  semicircle  &  e  c^  and  west 

when  in  the  semicii-cle  c'  c'  c. 

The  planet  will  have  its  greatest 
elongation  east  when  the  line  E  e  directed  to  it  from  the  earth  is 
a  tangent  to  its  orbit,  and  in  like  manner  ils  greatest  elongation 
west  when  the  line  E  c'  is  a  tangent  to  the  orbit. 

In  these  positions  the  angle  «  e  E,  or  «  e^  E,  at  the  planet  is  90^9 
and  consequently  the  elongation  and  the  angle  e  «  E,  or  e^  «  £  at 
the  sim,  taken  together,  make  up  90^. 

It  appears,  therefore,  that  the  greatest  elongation  of  an  inferior 
planet  must  be  less  than  90^. 

If  the  earth  were  stationary  the  real  orbital  motion  of  the  planet 
would  give  it  an  apparent  motion  alternately  east  and  west  of  the 
sun,  extending  to  a  certain  limited  distance,  resembling  the  oscil- 
lation of  a  pendulum.  AMiile  the  planet  moves  from  c'  to  e,  it 
will  appear  to  depart  from  the  sun  eastward,  and  when  it  moves 
from  e  to  c,  it  will  appear  to  return  to  the  sun ;  the  elongation  in 
the  former  case  constantly  increasing  till  it  attain  its  maximum 
eastward,  and  in  the  latter  constantly  decreasing  till  it  become 
nothing.  It  is  to  be  observed,  that  the  orbital  arc  &  e  being  greater 
than  e  c,  the  time  of  attaining  the  greatest  eastern  elongation 
after  superior  conjunction  is  greater  than  the  time  of  returning  to 
the  sun  from  the  greatest  elongation  to  inferior  conjunction. 

After  inferior  conjunction,  while  the  planet  pasf  es  from  c  to  «', 
its  elongation  constantly  increases  from  nothing  at  c  to  its  maximum 
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west  at  if  \  and  when  the  planet  moves  from  e'  to  c',  it  again 
decreases  until  it  becomes  nothing  at  superior  conjunction.  Since 
the  orbital  arcs,  c  ^  and  c'  c',  are  respectively  equal  to  c  c  and  cf  «, 
it  follows,  that  the  interval  from  inferior  conjunction  to  the  great- 
est elongation  west,  is  equal  to  the  interval  from  the  greatest  elon- 
gation east  to  inferior  conjunction.  In  like  manner,  the  interval 
from  superior  conjunction  to  the  greatest  elongation  east,  is  equal  to 
the  interval  from  the  greatest  elongation  west  to  superior  conjunction. 

The  oscillation  of  the  planet  alternately  east  and  west  is  there- 
fore made  through  the  same  angle  —  that  is,  the  angle  e  B  c',  in- 
cluded by  tangents  drawn  to  the  planet*s  orbit  from  the  earth ;  but 
the  apparent  motion  from  the  greatest  elongation  west  to  the. 
greatest  elongation  east,  is  slower  than  the  apparent  motion  from 
the  greatest  elongation  east  to  the  greatest  elongation  west,  in  the 
ratio  of  the  length  of  the  orbital  arcs  e</  ef  Xo  e  c  «/, 

The  planet  being  included  within  the  orbit  of  the  earth,  the 
orbital  motion  of  the  earth  will  g^ve  it  an  apparent  motion  in  the 
ecliptic,  in  the  same  direction  as  the  apparent  motion  of  the  sun ; 
but,  since  the  apparent  motion  of  a  visible  object  increases  as  its 
distance  decreases,  and  nice  versd,  and  since  the  planet  being  at  a 
considerable  distance  from  the  centre  of  the  earth's  orbit,  the 
distance  of  the  earth  from  it  is  subject  to  variation,  the  apparent 
motion  imparted  to  the  planet  by  the  earth's  orbital  motion,  will 
be  subject  to  a  proportionate  variation,  being  greatest  when  the 
planet  is  in  inferior  conjunction,  and  least  when  in  superior  con- 
junction. 

The  apparent  motion  of  the  planet,  as  it  is  projected  upon  the 
firmament  by  the  visual  ray,  arises  from  the  combined  effect  of  its 
own  orbital  motion  aiid  that  of  the  earth.  Now  it  is  evident,  from 
what  has  been  just  explained,  that  the  effect  of  the  planet's  own 
motion,  is  to  give  it  an  apparent  motion  from  west  to  east,  while 
passing  from  its  greatest  elongation  west,  through  superior  con- 
junction, to  its  greatest  elongation  east,  and  a  contrary  apparent 
motion  from  east  to  west,  while  passing  from  its  greatest  elonga- 
tion east,  to  its  greatest  elongation  west,  through  inferior  con- 
junction. 

But  since,  in  all  positions,  the  effect  of  the  orbital  motion  of  the 
earth,  is  to  give  the  planet  an  apparent  motion  directed  from  west 
to  east,  both  causes  combine  to  impart  to  it  this  apparent  motion, 
while  passing  from  its  western  to  its  eastern  elongation,  through 
superior  conjunction.  On  the  other  hand,  the  effect  of  the  orbital 
motion  of  the  planet  being  an  apparent  motion  from  east  to  west  in 
passing  from  its  eastern  to  its  western  elongation,  through  inferior 
conjunction,  while,  on  the  contrary,  the  earth's  motion  imparts  to  it 
nn  apparent  motion  from  west  to  east,  the  actual  apparent  motion 
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of  the  planet,  resulting  from  the  difference  of  these  effects;  will  be 
westward  or  eastward,  according  as  the  effect  of  the  one  or  the 
other  predominates,  and  the  planet  will  appear  stationary  when  these 
opposite  effects  are  equal. 

In  leaTing  the  greatest  eastern  elongation,  the  effect  of  the 
earth's  motion  predominates,  and  the  apparent  motion  of  the  planet 
continues  to  be,  as  before,  eastward.  As,  in  approaching  inferior 
conjunction,  the  direction  of  the  planet's  motion  becomes  more  and 
more  transverse  to  the  visual  line,  and  the  distance  of  the  planet 
decreases,  the  effect  of  the  planet's  motion  increasing  becomes,  at 
length,  equal  to  the  effect  of  the  earth's  motion,  and  the  planet 
then  becomes  stationary.  This  takes  place  at  a  certain  elongation 
east  After  this,  the  effect  of  the  planet's  motion  predominating, 
the  apparent  motion  becomes  westward,  and  this  westward  motion 
continues  through  inferior  conjunction,  imtil  the  planet  acquires 
a  certain  elongation  west,  equal  to  that  at  which  it  previously  be- 
came stationary.  Here,  the  effects  becoming  again  equal,  the 
planet  is  again  stationary,  after  which,  the  effect  of  the  earth's 
motion  predominating,  the  apparent  motion  becomes  eastward,  and 
continues  so  to  the  greatest  elongation  west,  after  which,  as  before, 
both  causes  combine  in  rendering  it  eastward. 

781.  Apparent  motioii  as  projected  on  the  eOllptle.— From 
what  has  been  explained  in  the  preceding  paragraph,  the  apparent 
motion  of  the  planet  on  the  firmament  will  be  easily  understood. 
Let  A,  B,  E,  F,  K.,  ^.  106,  represent  the  ecliptic  in  which  the 
planet  is  at  present  supposed  to  move.  While  passing  from  its 
western  to  its  eastern  elongation,  it  appears  to  move  in  the  same 
direction  as  the  sun,  from  A  towards  B.  As  it  approaches  B,  its 
apparent  motion  eastwai*d  becomes  gradually  slower  until  it  stops 
altogether  at  B,  and  becomes  for  a  short  interval  stationary ;  it  then 
moves  westward,  returning  upon  its  course  to  c,  where  it  again  be- 
comes stationary ;  after  which  it  again  moves  eastward,  and  con- 
tinues to  move  in  that  direction  till  it  arrives  at  a  certain  point  s, 
where  it  again  becomes  stationary ;  and  then,  returning  upon  its 
course,  it  again  moves  westward  to  E,  where  it  again  becomes 
stationary ;  after  which,  it  again  changes  its  direction  and  moves 
eastward  to  P,  where,  after  being  stationary,  it  turns  westward, 
and  so  on. 

The  middle  points  of  the  arcs  b  c,  D  £,  F  o,  &c  of  retrogression 
are  those  at  which  the  planet  is  in  inferior  conjunction  ;  and  the 
middle  points  of  the  arcs  c  b,  e  f,  o  H,'  &c  of  progression  are  those 
at  which  the  planet  is  in  superior  conjimction. 

782.  Apparent  motion  of  a  superior  planet. —  To  deduce 
the  apparent  motion  of  a  superior  planet  from  the  real  orbital 
motions  of  the  earth  and  the  planet,  let  s,  Jiff,  107,  be  the  place 
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of  the  sun,  p  that  of  the  planet,  and  B^isf''  B^'  the  orbit  of  the 
earth  included  within  that  of  the  planet,  the  direction  of  the 
motions  of  the  earth  and  planet  being  indicated  by  the  arrows. 


Fig.  I0& 

When  the  earth  is  at  b''%  the  sun  s  and  planet  P  are  in  the  same 
visual  line,  and  the  planet  is  consequently  in  conjunction.  When 
the  earth  moves  to  ?,  the  elongation  of  the  planet  west  of  the  sun 
is  8  0^  p.  This  elongation  increasing  as  the  earth  moves  in  its 
orbit,  becomes  90°  at  e',  when  the  visual  direction  e'  p  of  the 
planet  is  a  tangent  to  the  earth's  orbit,  and  the  planet  is  then  in  its 
western  quadrature. 

While  the  earth  continues  its  orbital  motion  to  e'",  the  elonga- 
tion west  of  the  sun  continues  to  increase,  and  at  length,  when 
the  earth  comes  to  the  position  £,  it  becomes  1 80°,  and  the  planet 
is  in  opposition. 

After  passing  £,  when  the  earth  moves  towards  0^^  the  elonga- 
tion of  the  planet  is  east  of  the  sun,  and  is  less  than  1 80^,  but 
greater  than  90°.  As  the  earth  continues  to  advance  in  its  orbit, 
the  elongation  decreasing  becomes  90^  when,  at  is^%  the  visual 
direction  of  the  planet  is  a  tangent  to  the  earth's  orbit.  The 
planet  is  then  in  its  eastern  quadrature. 
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Kirf.  107. 


As  the  earth  moves  from  b"  to  e'",  the  elonjration,  being  still 
east,  constantly  decreases  imtil  it  becomes  nothing  at  e  ",  where 
the  planet  is  in  conjunction. 

783.  Bireot  and  retrograde 
motion.  —  K  the  planet  were  ini- 
movable)  the  effect  of  the  earth's 
motion  would  be  to  give  it  an  oscil- 
latory motion  alternately  eastward 
and  westward  through  the  an^le 
e'  p  e",  which  the  earth's  orbit 
subtends  at  the  planet  While 
the  earth  moves  firom  nt'  through 
e'"  to  e',  the  planet  would  appear 
to  move  eflw^irarrf  through  the  anjrle 
B'  P  e'',  and  while  the  earth  moves 
from  e'  through  E  to  e",  it  would 
appear  to  move  ices^ay-r?  through 
the  same  angle. 

Thus  the  effect  of  the  earth's  mo- 
tion alone  is  to  make  the  planet 
appear  to  move  from  east  to  west, 
and  from  west  to  east  alternately, 
through  a  certain  arc  of  the  ecliptic,  the  length  of  which  will 
depend  on  the  relation  between  the  distances  of  the  earth  and 
planet  from  the  sun,  the  arc  being,  in  fact,  measured  by  the  angle 
which  the  earth's  orbit  subtends  at  the  plauet,  and,  consequentiy, 
this  angle  of  apparent  oscillation  will  decrease  in  the  same  ratio 
as  the  distance  of  the  planet  increases. 

The  times  in  which  the  two  oscillations  eastward  and  westward 
would  be  made  are  not  equal,  the  time  from  the  western  to  the 
eastern  quadrature  being  less  than  the  time  from  the  eastern  to  the 
western  quadrature,  in  the  ratio  of  the  orbital  arc  E'  E  e"  to  the 
arc  e"  e"'  e'. 

It  is  evident,  therefore,  that  the  more  distant  the  planet  P  is, 
the  less  unequal  will  be  these  arcs,  and  consequently  the  less 
unequal  will  the  intervals  be  between  quadrature  and  quadrature. 

But,  meanwhile,  the  earth  being  included  within  the  orbit  of 
the  planet,  the  effect  of  the  planet's  orbital  motion  will  be  to  give 
it  an  apparent  motion  in  the  ecliptic,  always  in  the  same  direction 
in  which  the  sun  would  move  when  in  the  same  place,  and  there- 
fore always  eastward  or  direct. 

This  apparent  motion,  though  always  direct,  is  not  uniform, 
since  it  increases  in  the  same  ratio  as  the  distance  of  the  earth 
frc»m  the  planet  decreases,  and  vice  vei'sd  This  apparent  motion 
thus  due  to  the  planet's  own  orbital  motion,  is  therefore  greater 
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from  western  to  eastern  quadrature,  than  from  eastern  to  western 
quadrature. 

From  eastern  to  western  quadrature,  through  conjunction,  the 
apparent  motion  of  the  planet  is  direct,  hecause  both  its  own 
orbital  motion  and  that  of  the  earth  combine  to  render  it  so. 
From  western  quadrature,  as  the  planet  approaches  opposition,  the 
effect  of  the  earth's  motion  is  to  render  the  planet  retrograde, 
while  the  effect  of  its  own  motion  is  to  render  it  direct  On 
leaving  quadrature  the  latter  effect  predominates,  and  the  apparent 
motion  is  direct ;  but  at  a  certain  elongation  before  arriving  at 
opposition,  the  effect  of  the  earth's  motion  increasing,  becomes 
equal  to  that  of  the  planet,  and,  neutralising  it,  renders  the  planet 
stationary ;  after  which,  the  effect  of  the  earth's  motion  predomi- 
nating, the  planet  becomes  retrograde,  and  continues  so  until  it 
acquires  an  equal  elongation  east,  when  it  again  becomes  stationaiy, 
and  is  afterwards  direct,  and  continues  so. 

784.  Apparent  motion  as  projected  on  tbe  ecliptic. — Let 
k^fig.  106,  represent  the  place  of  a  superior  planet  when  moving 
from  its  western  quadrature  towards  conjunction,  its  apparent  motion 
being  then  direct  Let  B  be  the  point  where  it  becomes  stationary 
after  its  eastern  quadrature ;  its  apparent  motion  then  becoming 
retrograde,  it  appears  to  return  upon  its  course  and  moves  westward 
to  c,  where  it  again  becomes  stationary ;  after  which  it  again  returns 
on  its  course  and  moves  direct  or  eastward,  and  continues  so  until 
it  arrives  at  a  certain  point  D,  after  its  western  quadrature,  when  it 
again  becomes  stationary,  and  then  again  retrogrades,  moving 
through  the  arc  D  e,  which  will  be  equal  to  B  c  j  after  which  it 
will  again  become  direct,  and  so  on. 

The  places  of  the  planet's  opposition  are  the  middle  points  of  the 
arcs  of  retrogression  B  c,  D  E,  p  o,  &c. ;  and  the  places  of  conjimction 
are  the  middle  points  of  the  arcs  of  progression  0  D,  E  F,  o  h,  &c. 

It  is  evident  from  the  preceding  explanation,  therefore,  that  the 
apparent  motion  of  a  superior  planet  projected  on  the  ecliptic  is  in 
all  respects  similar  to  that  of  an  inferior  planet,  the  difference 
being,  that  in  the  latter  the  middle  point  of  the  arc  of  retrogres- 
sion corresponds  to  inferior  conjunction,  while  in  the  former  it 
corresponds  to  opposition. 

It  will  be  apparent,  from  what  has  been  shown,  that  the  angle 
which  the  earth  gains  upon  the  planet  in  the  interval  between  its 
western  and  eastern  qiuidratures,  is  the  angle  which  the  earth's 
orbit  subtends  at  the  planet,  or  twice  the  annual  parallax  of  the 
planet  (165). 

Though  not  bearing  immediately  on  the  subject  of  this  paragraph, 
it  will  not  be  entirely  out  of  place  to  explain  here  the  daily  synodic 
motion  of  a  planet    The  dkily  Bynodic  motion  is  the  angle  by 
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which  the  planet  departs  from  or  approaches  to  the  earth  in  its 
course  around  the  sun.  Thus  if  A  express  in  degrees  the  angle 
formed  by  two  lines  drawn  from  the  sun^  one  to  the  planet  and  the 
other  to  the  earth,  the  daily  synodic  motion  will  be  the  daily  in- 
crease or  decrease  of  ▲  produced  by  the  motions  of  the  earth  and 
planet.  For,  since  the  earth  and  planet  both  move  in  the  same 
direction  around  the  sun,  with  different  angular  motions,  th(f 
increase  or  decrease  of  A  will  be  the  difference  of  their  motions. 

785.  Bynoptlo  table  of  tbe  principal  elements  of  tbe 
planetary  orbits.  —  In  Table  I.  are  given  the  elements  of  the 
planetary  orbits  as  referred  to  the  epoch  specially  iHssigned  for 
each  planet  Those  of  the  more  recently  discovered  planetoids 
must  be  regarded  somewhat  provisionally,  and  probably  will  be  cor- 
rected when  their  positions  have  been  more  accurately  determined 
by  observation.  In  the  majority,  however,  the  elements  as  given 
m  the  Table  have  been  determined  with  considerable  accuracy  by 
the  several  authorities  whose  names  are  mentioned  in  the  last 
column,  and  are  the  most  recent  determinations. 

The  value  of  the  solar  t^juatorial  horizontal  parallaz;  or  the 
angle  which  the  earth's  semi-diameter  at  mean  distance  subtends 
at  the  sun,  adopted  in  the  computation  of  the  distances  of  the 
planets  from  the  sun  and  earth  in  Table  II.,  has  been  assumed  to 
be  8"'94.  This  value  has  been  provisionally  adopted  until  a  more 
accurate  determination  is  made.  The  successful  observation  of 
the  transit  of  Venus  of  1 874  may  probably  show  that  some  modi- 
fication may  be  required  in  this  adopted  value  of  the  solar  parallax, 
but  as  so  many  investigations  by  different  methods  give  results 
varying  from  8"'85  to  8"-95,  it  is  expected  that  the  true  value 
will  be  found  within  these  numbers,  probably  a  little  above  or 
below  the  mean  of  the  two,  or  8"*90. 

The  planets  in  the  following  table  are  arranged  in  the  order  of 
distance  from  the  sun,  the  elements  of  the  orbit  of  each  planet 
being  inserted  as  follows : — 

1.  The  mean  diurnal  heliocentric  motion. 

2.  The  sidereal  period. 

3.  The  mean  distance  from  the  sun,  or  semi-axis  of  orbit,  that 
of  the  earth  being  unity. 

4.  The  excentricity  of  the  orbit 

5.  The  mean  longitude  at  epoch. 

6.  The  longitude  of  the  perihelion. 

7.  The  longitude  of  the  ascending  node. 

8.  The  inclination  of  the  planet's  orbit  to  the  plane  of  the 
ecliptic. 

9.  The  epoch  or  date  at  which  the  elements  of  the  orbits  have 
been  assigned. 
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Tablb  ] 
PRINCIPAL  ELEMENTS  01 


Name  of  Planet 

i 

MeftD  dinmal 

Heliocentric 

Motion 

SIderad 
Period 

Ifean  di«taiice 
fnmi  Sun,  or 
Beini-axis.— 
rEarth's  dis- 
tancesi) 

Exopn- 
tricity 

020562 

Mean 
Loniritude 
at  Epoch 

Mbbcust  -     - 

5 

14732-419 

dftvs 
8797 

0-38710 

0        1      li 
327  1 5  20 

Vhii  U8  -     -     - 

? 

5767668 

224-70 

072333 

0-00683 

245  33  14 

Eabth-    -    - 

0 

3548193 

365-26 

I'OOOOO 

001677 

100  46  36 

Mabs  -    -    . 

^ 

i886-5i8 

686-98 

1-52369 

0-09326 

83  40  51 

Ftx>ra  -    -    - 

8 

io86-33i 

1193-01 

2-20139 

01 5670 

68  48  32 

Artadxb  -    - 

43 

1084732 

"94-77 

2-20355 

0-16709 

341   19     0 

Fbbonia   -    - 

7* 

1040147 

1245-98 

2-26608 

01 1979 

41   22  10 

Habmoitia     - 

40 

1039-335 

124695 

226725 

004659 

187  42  26 

Mklpomekb  - 

18 

1020120 

1270-44 

229564 

0-21767 

95  10     8 

Sappho     -    - 

80 

1019-781 

1270-86 

2-29615 

0-20010 

61  29  40 

AUSTUU     -     - 

i36 

1014-933 

1276-93 

2-30346 

01 1 324 

199     8  38 

Victoria  -    - 

12 

994-835 

i3o2-73 

2-33420 

0-21892 

7  4»     5 

EUTBRPB    -     - 

»7 

986-694 

1313-48 

2-34720 

017392 

178  3i   53 

Vbsta  -    -    - 

4 

977-670 

i325-6o 

2-36162 

0-08842 

67  42     I 

Clio    -    -    - 

84 

977-599 

1325-70 

2-36173 

0-23644 

344     3  58 

NmfAUSA  -    - 

5i 

975-475 

1328-58 

2'365i6 

006725 

232  18  56 

Urakia     -    - 

3o 

975-402 

1328-68 

2-36528 

0-12684 

85  38  28 

Artemis  -    - 

io5 

968743 

133782 

2-37610 

017285 

345   16  57 

Amalth^sa    - 

ii3 

968-474 

i338i9 

2-37654 

008778 

94  2»  36 

Thyra  -    -    " 

ii5 

966-918 

1340-34 

2-37909 

0-19388 

25i   36  5o 

Ibw     -    -    - 

7 

962-581 

1346-38 

2-38623 

o-23o85 

207  3o  3o 

Mrfis  -    -    - 

9 

962-339 

1346-72 

2-38663 

0-I2332 

128     8  27 

KCHO    -     -     - 

60 

958-474 

i352i5 

2-39305 

0-18475 

193  20  ai 

AUSONIA     -      - 

63 

956837 

135446 

2-39577 

0-12469 

299  40     8 

PlIOCHA       -      - 

25 

954724 

1357-46 

2-39931 

0-25580 

89  3i   10 

T(nx)SA      -    - 

138 

953-o3o 

135987 

2-40215 

013397 

35  29  25 

Mamilia  -    - 

20 

948-916 

1365-77 

2-40909 

0-14319 

323  59     a 
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THE  PLANETARY  ORBITS.' 


Longitode  of 
PeriheUon 


75  7  o 
129  23  56 
100  21  40 
333  17  5i 

32  54  28 
277  53  3i 
307  58  10 

o  54  7 

i5  5  3i 

355  10  4 

307  12  12 

3oi  39  25 

87  59  26 

25o  56  52 

339  28  5o 

174  34  37 

3i  i3  29 

242  37  38 

199  10  53 

43  2  43 

41  23  21 

71  3  52 

98  36  54 
270  10  33 
3o2  44  3o 
3 10  o  42 

99  X    32 


Lnngitndeof 

Aaoending 

Node 


46  33     3 

75  19  4 
000 

48  22  45 
no  17  49 
264  3o  43 
207  48  32 

93  34  54 
i5o  3  5o 
218  35  24 

186  9  o 
235  34  42 

93  5i  20 
io3  29  i5 
327  24  20 
175  43  45 
3o8  7  39 

187  57  * 
123  4  39 
3o8  56  53 
259  47  56 

68  3i  35 
192  5  40 
337  58  10 
214  5  21 

55  8  2 
206  24  12 


Inclination 
of  Orbit 

708 

3  23  3i 

000 

I   5i     5 

5  53     8 

3  2745 

5  23  53 

4  1548 

10    9  17 

8  3649 

9  41     3 

8  23  18 

I  35  3o 

7     7  54 

9  22  32 

9  57     5 

2     6  10 

21  3i   36 

5     2  19 

11   34  36 

5  28     3 

5  36    0 

3  3417 

5  47  35 

21  34  39 

3  17     I 

0  41   16 

Mean  Solar  Time 
of  Kpuch 


i85o  Jan.       1*0 


1848  Jan.  10 

2874  ^*P^  '7'o 

870  Jan.  o'o 

863  Jan.  00 

854  Jan.  00 

865  Dec.  3o 

874  April  4-5 

85 1  Jan.  o'o 

873  Jan.  5o 

874  Dec.  70 

869  May  26*0 
873  May  5o 

873  Dec.  29*0 
1868  Sept.  280 

874  Jan.  O'O 

874  May  20'o 
85o  Jan.  o'o 
858  Juno  3o'o 

870  Jan.  O'O 
873  July  240 

873  Dec.  3 10 

875  Oct.  2i'o 

874  Aug.  7  o 


▲nthority  for 
BkaienU 


Le  Veiriep 

9 

11 

* 

If 

* 

M 

cJ 

Brilnnow 

8 

l*poy 

43 

C.  II.  F.  Pet«ni 

7a 

Schubert 

40 

„ 

18 

Albrccht 

80 

lieckep 

136 

Uriiiinow 

It 

lIopiH) 

»7 

Farley 

4 

Valentinep 

«4 

Tiotjon 

5i 

MaywaUl 

3o 

WatHon 

io5 

Oppolzer 

xi3 

WaUon 

ii5 

Uriinnow 

7 

LoMHor 

9 

C.  11.  F.  Potori 

60 

Tietjen 

63 

Maywsld 

25 

Porrotin 

i38 

Schubmt 

%o 

Hi 
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NuM  of  Planet 

Ill 

Vaul    -     - 

i3i 

Ntsa   -    - 

44 

Hkbb  -    - 

6 

Bkatrix    - 

83 

Iphioexia- 

III 

LUTKTIA     - 

21 

Pkituo     - 

118 

Vbllkta  - 

126 

Isis      -     - 

4» 

FOBTUKA  - 

19 

EURYNOMB 

79 

Parthexopb 

. 

II 

Thetis      - 

'7 

Hb8TIA       - 

46 

Julia  -    - 

89 

Ampuitritr 

29 

S0PUBO8YKK 

1 34 

Eqkbia 

i3 

ASTRAA     - 

5 

Althjka    - 

119 

IIklkna    - 

lOI 

P»)MONA     - 

3» 

JFjuuxa     - 

91 

Ikbxe  -    - 

14 

Atb     .    . 

III 

56 

^THRA      - 

I  32 

Panopka  - 

70 

Calypso    - 

53 

DiAMA-      - 

78 

Mewi  diurnal 

Heliooentrio 

Motion 


942-399 
940-919 
939-595 
936662 
934679 
933554 
932*269 
930979 
930*906 
93o*i35 
928874 
923*622 
912*390 
883-564 
870*841 
869*334 
862*574 
857-880 
856910 
856-194 
854-064 
852-588 

851-499 
851-436 
849-358 
847-790 
845-870 
839*614 
836*341 
835-140 


Sidcrenl 
Period 


days 
375-21 

377-38 

379-32 

383-64 

386-57 

388-24 

390*16 

392*08 

392-19 

393-35 

395*24 

403*17 

420*45 

46679 

488-22 

490*80 

502*48 

510-70 

5i2*4i 

5i3-68 

517-45 
52008 
522-02 

522-13 

52586 
528-68 
532-50 
543-57 
549-61 
551-84 


from  Sun,  or 

8emi.Azia.~ 

(Earth's  di«. 

taiicesi) 

Bzoen- 
tricity 

2*42018 

0*08145 

2-42272 

o-i5o88 

242499 

0-20344 

2*43oo5 

008594 

2-43349 

0-12855 

243544 

0*16210 

243768 

01 6457 

243993 

0'106l2 

2-44006 

0-22561 

2-4414J' 

0*15906 

2-44362 

019447 

245287 

009937 

2*47296 

01 2908 

2*52646 

OI64I7 

2*55ioi 

o*i8o52 

2-55396 

007399 

2*56728 

0*11723 

2-57664 

0-08709 

2-57858 

0-18629 

2-58002 

0-08394 

2-58431 

0-13919 

2*58729 

008  3oi 

2-58949 

0-10873 

2-58962 

0-16270 

2-59384 

01 0600 

2-59704 

0-23633 

260097 

0-04284 

2-61387 

0-18264 

2*62070 

0-20259 

2-62320 

0-20534 

Mean 
LongUndo 
at  Epoch 


22   II  49 

10  54  i3 

0  54  53 
7     3  55 

3o   49    ID 

4«  a4  4 
161  40  II 
i37  41  7 
271  48  40 
235  27  5o 
319  39  56 

11  38  58 

38  22  i5 
353  47  35 
345  4x4 
161  17  34 

39  14  26 
340  59  56 

91  9  29 
ao7  5o  38 
339  25  3o 

57  16  aS 

1  17  i3 
102  39  5 
201  44  9 

I  1  12 

218  3o  18 

321  52  4I 

H   39  5a 

347  34  10 
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Longitude  of 
ForiheUon 

Longitude  of 

ABoending 

Node 

ofOrUt 

Mean  Solar  Time 
of  Epoch 

Authority  for 
Elements 

III 

0       /     // 
a58  25  43 

65   10  26 

4  38  3'5 

1874  Oct.    a3-o 

StockweU 

i3i 

III  45  25 

i3i     3  5o 

342     I 

1874  Jan.    20'o 

Powalky 

44 

i5  i5  41 

i38  43     1 

14  47  >5 

1874  Sept.    i5o 

R.  Luther 

6 

191  46  26 

27  32     4 

5    0  18 

1870  Oct.     280 

Becker 

83 

338     9  20 

324    3     I 

2  36  48 

1874  Oct.     27-5 

Rogen 

112 

327    3  59 

80  27  49 

3     5  10 

i853  Jan.      2*0 

Lesser 

11 

77  19  35 

47  *5  45 

7  47  36 

1872  Mar.    3i'o 

Smekal 

118 

347  45  5o 

23     7  10 

2  56    9 

1874  Jan.      o*o 

Henry 

126 

317  57  5o 

84  27  52 

8  34  33 

1 856  June    11*0 

Brunn 

4» 

3o  57  27 

211    16   46 

I  33    0 

1874  May    100 

Powalky 

«9 

44  16     7 

206  35  26 

4  36  56 

1874  July    200 

Reimann 

79 

3i8     I  57 

125  II  20 

4  37   12 

1874  Oct.     i5o 

R.  Luther 

II 

261  32  55 

125  i5  57 

5  36  26 

1873  Nov.     90 

Maywald 

17 

354  14  '9 

148     7  »7 

6  35  40 

1870  Jan.      o*o 

Lowy 

46 

353  17  56 

3ii  33     3 

16  10  5o 

1866  Oct,     290 

Wolff 

89 

56  56     2 

356  3o     5 

6     7  49 

1866  Mar.    100 

Giinther 

29 

6644    5 

346  22    2 

II  36     8 

1874  Jan.      o'o 

Porter 

134 

120     5  i5 

43  i5  56 

16  3o  49 

1866  Aug.    290 

Giinther 

i3 

1 34  56  54 

141  28  25 

5  19     7 

1874  ^^'      70 

Farley 

5 

12  45  35 

2o3  53  34 

54644 

1872  May      1-5 

Watson 

119 

327  59  i5 

343  4'   1 5 

10  II  22 

1868  Aug.    1 5-5 

♦» 

lOl 

193  21  49 

220  42  55 

5  28  5o 

1 855  Jan.       5-o 

Lessor 

32 

80  i5  19 

10  59  12 

2     8  II 

1874  Sept    no 

Oppolzer 

9« 

180  10  39 

86  40  37 

9    7  56 

1874  Dec.     140 

Bruhns 

14 

108  32  35 

3o6  i3     I 

45643 

1873  May      5o 

Holetschek 

III 

294  37     I 

194    6  58 

8     I  54 

1874  Oct.     2 10 

R.  Luther 

56 

i52  10  52 

259  43  3i 

24  59  40 

1873  June   20-5 

Watson 

I32 

299  48  52 

48  18  22 

II  38  14 

1870  Sept,    i8-o 

Dun^r 

70 

92  38  44 

144     3     9 

5     6  32 

1873  Sept    200 

KochwiU 

53 

121     9     8 

333  55     8 

8  38  45 

1873  Nov.    21  0 

Dubiago 

78 
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Kama  of  Planet 

III 

2-M 

Mcnn  diurnal 

llcliooentric 

Motion 

Biderml 
Period 

Mean  distanc(> 
from  Sun,  or 
Sonil.iixw.— 
(Earth'rt  dift- 
t«r.ce=x) 

Kxoon- 
tridty 

Mean 

Longitude 
at  Epoch 

Alcrstis  -     - 

124 

832080 

days 
1557-54 

262963 

0-07845 

324   52    II 

Thalia     -    - 

23 

83r83o 

I558-OI 

2-63oi6 

022968 

44  H   13 

FiDKS  -     -     - 

37 

825599 

1569-77 

264337 

01 7468 

119  58   16 

EuxoiciA  -    - 

i5 

825-455 

1 570-04 

264368 

0-18725 

149  57  3a 

Maia   -    -    - 

66 

822706 

1575-29 

2-64954 

0-16548 

43  32  11 

VmonriA  -     - 

5o 

821-586 

157744 

2-65197 

o-285i6 

i3o  58     I 

lo  -    -    -    - 

85 

820693 

1 579-1 5 

265390 

019115 

352  28   18 

Pjkosrbpixb  - 

26 

819-685 

i58i-io 

2-65607 

008733 

227  3i   II 

MlBIAM       -      - 

102 

817-471 

1585-38 

266087 

0-255II 

109  i3     7 

Clytib      -    - 

73 

8i5-6o3 

1 58901 

266493 

0  04261 

257  55  18 

Cixyrno     -    - 

97 

814-581 

1591-00 

2-66716 

0'258l2 

3o3  48  s6 

Juxo    -    -    - 

3 

814-077 

159199 

2-66S26 

0-25786 

47  »a  32 

FUIOGA       -      - 

77 

812-253 

1595-53 

267225 

oi36i2 

3o6  40  48 

EURYDICB  -      - 

75 

811-663 

1596-72 

267354 

0-30576 

226  38  27 

Gassaitdba     - 

114 

810-629 

159876 

267582 

0 140 I 2 

i52  42  58 

AirUELINA 

64 

8o8-3i2 

160334 

268093 

012819 

119  24  a6 

ClRCX   .      -      - 

34 

805-819 

i6o8-3o 

268645 

0-10728 

238     9  5a 

Iaxtub     -    - 

98 

805-209 

1609-52 

268781 

018961 

I  4S  58 

BurirHiLDA    - 

123 

802-846 

161426 

269308 

011359 

192  12  53 

Frlicitas  -    - 

109 

801-902 

i6i6'i6 

2-69519 

029882 

107  24    0 

COXCOHDIA      - 

58 

799-596 

1620-82 

2-70037 

004257 

210  34    9 

Hrra  -    .    - 

io3 

798-854 

1622-32 

2-70205 

008064 

307    0  3o 

SlWA     -      -      - 

140 

796693 

162672 

2-70693 

0-19787 

269  14  43 

Albxandra   - 

54 

795-627 

1628-90 

2-70935 

0-19868 

346  27  a3 

Lumen-    -    - 

141 

795575 

1629*01 

2-70947 

0-2233I 

120  16  ai 

Elpw  .    -    - 

59 

793-979 

163228 

2-71310 

011726 

352  37  41 

Edobnia   •    - 

45 

791003 

163843 

271990 

008324 

i38     a     7 

Ltdia       -    - 

no 

782-244 

1656-77 

2-74016 

007976 

35  5440 

Lbda    •    •    - 

}8 

781-675 

1657-98 

2-74149 

0-I52II 

lot  59  a3 

Atalaiita      - 

36 

7S0-102 

i66i-32 

2-74518 

0-30234 

63    434 
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Contmued, 


Lnngltude  of 
Perihelion 

Longitude  of 

Aaoetiding 

Node 

Inclination 
of  Orbit 

Mean  Solar  Time 
of  Epoch 

Authority  for 
Elements 

III 

45  33  43 

0       /     // 
188   16  45 

I  55  53 

1872  Aug.    26-5 

HaU 

124 

123  44  24 

67  37  i5 

10  i3  32 

1873  Oct.     no 

Schubert 

23 

66     3  44 

8  14  36 

3     7     5 

1874  Feb.       70 

»» 

37 

27   52      I 

293  52  i5 

II  44  17 

1854  J""-       00 

•f 

i5 

46   21     12 

8  16  36 

3     5     6 

1872  Aug.    25-6 

Schulbof 

66 

10     8  59 

173  45  12 

♦2  47  5i 

1872  Feb.    200 

Powalky 

5o 

322    34    32 

2o3  55  59 

II  SI  16 

1870  Jan.       00 

C.  H.  F.  Peters 

85 

236  25  1 5 

45  54  59 

3  35  4« 

1853   June  no 

Hoek 

26 

354  41  »7 

211  36  33 

5     459 

1870  Jan.       o'o 

C.  H.  F.  Peters 

X02 

56  57  45 

7  43  59 

2  24  22 

1 87 1  Dec.       20 

Powalky 

73 

65  3o  38 

160  35  39 

11  45  37 

1874  July      4' 5 

Maywald 

97 

54  5o  i5 

170  53  21 

i3     I  23 

1874  ^'o^-      >'o 

Hind 

3 

60  22  33 

2    0  49 

2  28     7 

1874  ^^^'     260 

Powalky 

77 

335  16  14 

359  47  58 

5     0  38 

1874  April     6-5 

Stockwell 

75 

i53     5  5i 

164  24  12 

45431 

1874  Jan.       00 

Anton 

"4 

123  37  28 

3ii   10  i3 

1   19  54 

1 86 5  Jan.       70 

Oppolzer 

64 

148  4>     I 

18445  57 

5  26  34 

1873  June      90 

Auwers 

34 

147  38  39 

354  23  14 

i5  33  11 

1874  Dec.     260 

C.  H.  F.  Peters 

98 

72     4  56 

3o8  39  47 

6  27  28 

1875  April     5-5 

Rogers 

123 

56     I     0 

4  58  28 

8     2  48 

1875  Jan.     3r5 

« 

109 

189  10     5 

161   19  5o 

5     I   5i 

1 865  Jan.       70 

Oppolzer 

58 

321   19     8 

1 36  10  24 

5  24    2 

1872  July    290 

Lereau 

io3 

197  18  28 

107  14  37 

3     944 

1874  I>«c-       1-5 

Schulhof 

140 

294  16     3 

3i3  49  26 

II  46  59 

1858  Dec.     3oo 

Schultz 

54 

22  33  41 

3i8  58  45 

II   32  45 

1875  Feb.    25o 

Kenan 

>4i 

18  18  44 

170  20  27 

8  37  i5 

1865  Jan.       70 

Oppolzer 

59 

229  24  16 

148     7  27 

6  35  40 

1874  Jan.       00 

Lowy 

45 

33i  40    0 

57     9     7 

5  59  18 

1872  Nov.     4-5 

Oppenheim 

1x0 

loi     5  II 

296  23  42 

6  57  10 

1874  J»n.       3o 

Maywald 

38 

i     4»  44     2 

359  1 3  54 

18  42  i3 

1870  Jan.      00 

Schubert 

36 

II 

Tabu  L 


NuMof  PUnet 


Kbmbsis    • 
I  Adria  -    - 

McfBRVA  - 
I    NiOBB  •      - 

Daphne    • 

Paicdoba  - 

I  ALcmxB  - 

.    SiROXA 


I 


Si"? 


I  Thisbb      -  - 

L.eTITIA     -  - 

.  Paixas     -  - 

niCLL')N\    -  - 

I  Lbto    -    -  - 

i  Oaijltka   -  - 

DlltK      -       -  - 

I  -L?)      -    '  ■ 
Tkrpmchokk- 

i  Polyhymnia  - 

Anti  k>nk  -  - 

AOLAII       -  - 

(?AI.I.H>PK   -  - 

PSYCIIK        -  - 

j  IIkbprru  -  - 

j  Danar      -  - 

I    LOULK  -      .  • 

j  Lbucothba  - 

JLlBERATUIX  • 

M<iui  -    -  - 

Ctrbne    -  • 


128 
143 
93 

71 
41 

55 

82 

116 

I 
83 

39 
2 

28 
68 
:4 
99 

i>9 
81 
33 

129 
47 
22 
16 
69 
61 

117 
35 

125 

96 
i33 


MtHin  dinmal 

Heliocentric 

Motion 


778030 
776998 
776495 
776-419 
773737 
773-663 
771-888 
771-270 
770*780 
770-757 
769-896 
768-986 
766930 
765-277 
763332 
758-662 
751-642 
736-174 
733-087 
727  606 
726  A94 

7i479» 
711  000 
690-464 
686-734 
686033 

685-483  i 
670  990 1 

666  219 
66r3ii   I 


Siiiorpr.1 
Period 


Mean  distance 

>  from  Son,  dr 

!  Bcml-axis.— 

(Eirth'B  dis. 

tance=i) 


days 
665-75 

667*96 

669*04 

669-20 

67499 
675-15 
679-00 
680-35 
681*42 
681*46 
683-34 
685*34 
689-86 
69351 
69782 
708  27 
72820 
760-4$ 
76787 
781-18 
78391 
8i3ii 
82278 
877-00 
887-19 
889-12 
890  64 
931-47 
94531 
95974 


2*75oo5 
275249 
2-75374 
275384 
2*76021 
2-76039 
2-76462 
2-76609 
2-76727 
276732 
276938 
2-77157 
277652 
278052 
278524 
2-79665 
28 1404 
285332 
2-86i33 
2-87568 
2-87861 
2-90994 
2-92028 
2-97790 
2-9886S 
2-99071 
2-99231 
3o3522 
3-04972 
3  06479 


Exoen- 
iricity 


0*12565 

006353 

0-14054 

0-17432 

02705  ' 

0-14287 

0-22034 

0-14394 

007631 

o i63i8 

0-I1258 

0-23848 

o  15349 

0-18828 

023599 

0-23839 

o-o5i32 

0*21098 

0*33997 

o  20760 

o 13291 

009877  I 

0-13908  I 

0-I7II6 

016105  I 

002289 

0-22370 

0-34675 

0-14047 

o*i3654 


Mc«ui 

Longitude 
at  Epoch 


72  10 
189  41 

24  16 

33  18 
141  9 
3i4  5i 

70  o 
212  i3 
io3  25 
348  40 

18  40 

67  35 
3o6  39 

92  36 
174  17 

23l  II 

24  19 
22  o 

68  24 
227  1 3 
III  24 

85  i3 
3i5  24 
126  17 
208  54 
358  I 
119  29 
3i5  55 
i3o  14 
334  3a 


i5 
46 

23 

59 

25 

1 

49 
5 
8 

36 
o 

23 

16 

I 

4 
45 
a9 

o 
48 
20 

34 
5o 
36 
45 
3o 
2 
3o 
54 
^7 
i5 
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Continued, 


Longitade  of 
PeriheUon 

Longitade  of 

Asceoding 

Node 

IncUnatton 
of  Orbit 

Mean  8obur  Time 
of  Epoch 

Aothoritjfdr 
EtemenU 

••-i 

0       /     // 
12  14  3i 

76  39     9 

-6  ,'5  ; 

1873  Feb. 

25-5 

DeBftll 

128 

149  34  56 

33341     7 

11  32  14 

1875  Mar. 

a5-5 

Knorre 

143 

174  43  34 

5     3  40 

8  36  34 

1872  Nor. 

60 

I^hmaoD 

93 

221   23  28 

3i6  22     2 

23  19  38 

1871  Oct. 

i3o 

Bedcer 

71 

219  58  56 

179    4  57 

16    0  26 

1874  Jan. 

IO-5 

Maywald 

4« 

10  3i  55 

10  5x  52 

7  i3  53 

1 87 1  Oct. 

23o 

MoUer 

55 

i32  12  48 

26  52  17 

2  5.     7 

1873  Nov. 

210 

Saffoid 

81 

i52  44  58 

64  18  33 

3  35  II 

1874  May 

80 

Tisserand 

116 

149  37  49 

80  46  39 

10  37  10 

1874  Dee. 

25o 

Schubert 

I 

3o8  25  29 

277  44  33 

5  14  28 

1871  Oct. 

3o 

Kowalcsyk 

88 

I  41   3o 

157  20  57 

10  22  18 

1872  Oct. 

i5-o 

Maywald 

39 

121  53  20 

172  46  53 

34  41   3i 

1874  Nor. 

10 

Farley 

1 

122  16  58 

144  36  12 

9  22     I 

1874  July 

29-5 

Maywald 

18 

345     5  4» 

4453     6 

7  57  35 

1864  Feb. 

220 

Wolff 

68 

7  49  25 

197  44  16 

3  59  38 

1874  Mar. 

19-5 

Maywald 

74 

240  35  34 

41  43  42 

i3  53  17 

1868  June 

5o 

Lowy 

99 

ii5  3i  57 

158  37  29 

8  19  18 

1874  Oct. 

14-5 

Doolittle 

139 

48  33  39 

2  36  27 

7  55  40 

1864  Oct. 

60 

Hall 

81 

342  16  42 

9     3  57 

I  56  19 

1875  Jan. 

60 

Schubert 

33 

240  49     9 

138      I   25 

12  10  5i 

1874  Jan. 

00 

Austin 

129 

3i2  44  23 

4    II    25 

5    0  35 

1874  Jan. 

i5o 

Powalky 

47 

59  28  i5 

66  36     5 

i3  43  47 

1872  Dec. 

20-5 

Maywald 

22 

i5     8     5 

i5o  28  35 

3     4  20 

1874  July 

23o 

Schubert 

16 

108  10  28 

187     3  14 

8  27  55 

1871   Fob. 

25-0 

Kowalczyk 

69 

I  343  41  54 

334  12  59 

18  14  48 

1874  April 

60 

R.  Luther 

61 

48  37  18 

349  3o  20 

14  57  28 

1 87 1  Sept. 

i5-5 

Wijkander 

117 

202  16  10 

355  40  56 

8  12     2 

1874  Dec. 

25o 

Schub«'rt 

35 

25i    10  25 

171     9  4* 

6     448 

1872  Sept. 

120 

Levean 

125 

i63     9  59 

322  49  44 

16     6  47 

1873  Mar. 

60 

Schulhof 

96 

247  5 I  45 

321     6  53 

7  '4     9 

I 

1873  Oct, 
I  2 

17-5 

Tietjen 

i33 
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Tabu  L 


NuMolFbuiet 

% 

Meandiamal 

HeOooeatric 

Motion 

Sidereal 
Period 

from  Sun,  or 
Semi-axis.— 
(Earth's  dis- 
tances i) 

Szoen- 
tridty 

Mean 
Loogltade 
at  Epoch 

95 

656-894 

days 
1972-92 

3-07851 

0- 14546 

e         /       // 

14  i3  41 

Palm  -    -    - 

49 

655i3i 

197823 

3-08403 

0-235S4 

71   33  33 

1[katb    -    - 

lOO 

6507S4 

1991-54 

3-09784 

01 5652 

3o6     6  57 

EUIIOPA      •     • 

5a 

65o-5o8 

1992-29 

309863 

010545 

339    I»   23 

Smaui     -    - 

86 

646-322 

2005-19 

3-1 1 199 

0'2L0l3 

63  40  29 

DOBU  -     -     - 

48 

646054 

2006  02 

3-11285 

0-07173 

32  19  58 

Ebato  -    -    - 

62 

640-896 

2022*17 

3-12953 

0-17343 

219     8     7 

EiaCTBA    -     - 

i3o 

640827 

2022-39 

3-12976 

020405 

184  20  5a 

Lachuis 

120 

640-165 

2024-48 

3i3i92 

005441 

195  32     7 

Amtiofb   -    - 

90 

639-239 

2027-4" 

3-13494 

Of  7207 

98    6  34 

l^HDCIS       -      - 

a4 

^39011 

2028-13 

3-13568 

01 242 1 

126  i3  5i 

Htgkia     -    - 

10 

•636*41 5    2036-41 

3-14420 

0-10951 

328     5     0 

EUFHBOSYWB  - 

3i 

635-484 

2039-40  :   3-14727 

022274 

219  3o  ao 

Cltmeke  -    ' 

J04 

634-309 

2043-17 

3-i5ii6 

017728 

i5  46  59 

MjIMfOSTWB    - 

57 

633-OI2 

2047-35 

3-15546 

01 0928 

ii3  49   18 

DlOKB  -      -      - 

106 

631-498 

2052-26 

3-i6o56 

0-18287 

33  39  34 

AXTBOSA      -      - 

94 

631409 

2052-55 

3- 1 6080 

008698 

45  35  48 

UlTDlirA      -      - 

9a 

624-190 

207629 

3-i85i3 

0-I0238 

187  59  aa 

Hbcvea    -    • 

J08 

6i6-585  I  2101*90 

3-21126 

o-ico52 

336  47  40 

QUDA         -      - 

J22 

614-194 

211008 

3-21959 

0-03718 

107  II     0 

JOHAKVA   -      - 

*27 

586-262 

2210-61 

3'32io6 

0*20400 

186  54  38 

Frbu  -    -    - 

76 

563-6SO 

2299-30 

3-40929 

01 7422 

643  44 

65 

557-396 

2325-10 

343475 

o-ii3o8 

147     8     8 

Hbbmiowb     - 

121 

550-717 

2353-30 

3-46246 

0-12370 

259  55  ai 

Stltia      -    - 

87 

544*671 

2373*50 

3-48809 

007898 

25o  43  58 

CiinzxA   -    - 

107 

528*200 

2453-62 

3-S6«i8 

0-12270 

55  57     4 

Jupiter    -    - 

% 

229*129 

4^32-58 

5-«o28o 

004824 

160     I  ao 

Satdbic     -    - 

h 

120-455 

10759-22 

9-5388$ 

o'o56oo 

14  5o  41 

URAinjs    •    - 

¥ 

42-233 

3o686  82  j  1918264 

0*04658 

28  26  4a 

V 

21*406 

60126*72 

3o  03697 

000872 

335     8  59 
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Contmtied. 


Longitade  of 
PeriheUon 

Longitude  of 

Aacending 

Node 

Inclination 
of  Orbit 

Mean  Solar  Time 
of  Epoch 

Authority  for 
Elements 

2^S 

O         t            M 

3i   i6  25 

0       *       // 
244   22      4 

i\  5i  32 

1872  Se|yt. 

70 

Schup 

95 

3i  31  45 

290  32  48 

3     8  19 

1874  Dec. 

25o 

Powalky 

49 

30759     5 

128    26   46 

6  22  II 

1868  July 

lO'O 

Stark 

100 

106  37    3 

129   45    22 

7  26  3o 

1872  Jan. 

ra 

Monnann 

52 

29  35  3o 

87  57     6 

A  47  38 

1871  Dec. 

2a 

Andersen 

]|6 

70  18  35 

i85    4    6 

6  29  16 

1874  Oct. 

20a 

Powalky 

48 

38  27  18 

125  42  40 

2  12  24 

1874  Dec. 

26*0 

Oppolzer 

62 

20  12  52 

146     3  iJ 

22  56  19 

1874  Jan. 

00 

Austin 

i3o 

220  19  11 

342  39  56 

6  59  52 

T872  May 

10 

PechiUe 

120 

3oi  37  3i 

71  20     1 

2  16  39 

1874  Jan. 

5cr 

Maywald 

90 

,44    8    9 

35  48  49 

0  48  39 

1874  Dee. 

6o> 

Kriiger 

M 

237  57  49 

285  20  33 

3  47  43 

1873  Sept. 

20 

Becker 

10 

93  3o  59 

3 1  3o  29 

26  28  46 

1874  May 

160 

Schubert 

3i 

58  i3  53 

44  13  58 

2  5i  5i 

1868  Sept 

1 3-5 

Watson  ' 

104 

53  55     9 

200     6    4 

15  10  21 

1866  Dec. 

80 

Adolph 

57 

27  i3  58 

63  16  46 

4  38  23 

1869  Jan. 

00 

Watson 

106 

45  27  20 

43246 

8     5  10 

1873  Nov. 

I'S 

Leppig 

94 

33i  18  49 

102  44  28 

9  56  58 

1 87 1  April 

60 

Andersen 

9a 

173  49  22 

352  17  12 

4  24  10 

1871  Sept. 

i3o 

Schulhof 

108 

208  37  54 

178  55  29 

I   36  19 

1875  Jan. 

1-5 

StockweU 

122 

loi  23  5i 

3i  23  26 

8  32  42 

1875  Jan. 

i5o 

Renai> 

127 

92  41  41 

212     4  32 

2     2  46 

1874  Sept. 

90 

Maywald 

76 

259  35  39 

i58  42  57 

3  28  40 

1873  Jan. 

25o 

Fritsche 

65 

0  28  49 

76  55  19 

7  34  49 

1872  June 

95 

Watson 

121 

337  23     6 

76  27  18 

10  47     9 

1866  May 

160 

C.  H.  F.  Peters 

87 

112  49  58 

175  41  20 

9  47  42 

s868  Dec. 

19-5 

Tietjen 

107 

11   54  53 
90     6  12 
168  16  45 
47   14  37 

98  54  21 
112  21  44 

73  14  14 
i3o    6  52 

1  i3  40 

2  29  x8 

0  46  3o 

1  46  59 

i85o  Jan. 

10 

Annales  de 

I  rObservatoire 

de  Paris 

n 
h 

\ 
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785rt.— Table  !•. 
EuaoDiTS  07  THs  Obbits  of  Mbbcurt,  ynrus,  thb  Eabth,  ahd  Mabs»  fob  IimBWf 

OF    ftO,000    YbAR8,    FBOM     I00,000    YbABS     BWORB    A.O.    1800    TO     100,000    YB4SS 
AFTBB  THAT  EpOCH. 


Bpoohi 

Longitudes  of  BBrihelkm 

ICMraiiYy 

Yenns 

Sartli 

Kan 

Mercnry 

Venus 

Baith 

Mmn 

—  100,000 

01886 

00370 

0-0473 

01079 

289  37 

0       4 
32748 

376  18 

204  57 

—  80^000 

0*1928 

00345 

00398 

0*125l 

3i8     2 

34221 

4  13 

198  ao 

—  60,000 

01961 

oo3<2 

o'oaiS 

01125 

S46  a6 

12  36 

46     8 

26  3o 

-  40,000 

0'2000 

00345 

0*0109 

o*o832 

i5     4 

55  33 

28  36 

123  42 

-  »o,ooo 

o-2oJ7 

0*0219 

0*0188 

0*0840 

4423 

100  56 

44    0 

227  41 

0 

o'2o56 

0*0069 

0*0168 

0*0931 

74  »o 

128  43 

99  30 

332  23 

+  »o,ooo 

0'205l 

o'oo63 

0*0047 

o*io36 

104  32 

57  28 

192  22 

55  11 

+  40,000 

0-20S3 

0*0088 

0*0124 

00945 

13448 

74  49 

6  25 

«39  47 

+  60^000 

o-sooS 

0-0098 

00199 

0*0797 

i65  18 

70  12 

6431 

241  45 

+  80,000 

01970 

0*0179 

00188 

0*0948 

196  11 

82  33 

101  38 

354  22 

+  100,000 

01918 

0-0258 

00289    o'i258 

137  10 

"7     5 

114    5 

90  32 

Bpoohs 

IncUnatioDS 

1        Longitudes  «C  Amending 

Nodes 

Mtrcnrjr 

Venns 

6 

Earth 

Man 

Mercury 

Yenns 

Earth 

Man 

-100,000 

I  5.0 

3     5  3 

1  45  3i 

3  13  45 

1 

'    0       / 

,  i5i  55 

159  2C 

.     9^U 

106  26: 

-  80,000 

6  3o  20 

452  37 

1  18  58 

I  55  12 

i  i34  43 

116  57 

73  47 

54  i3l 

-  60,000 

7  17  3o 

4    4  10 

2  36  42 

1     I  41 

! 116  40 

71   29 

i36  29 

163  37 1 

-  40,000 

7  25  3o 

0  53     8|4    3     I 

2  46  i5 

!  93  54 

355    5 

91   59 

122  20 j 

-  20,000 

7  38  10 

2  12  52   2  44  12 

146  37 

69    7 

118  46 

41   34 

«7  3o 

0 

706 

3  23  28 10    0    0 

I  51     6 

,    45  57 

74  52 

0    0 

4«     0' 

+  20,000 

6  29  5o 

2    8  55 ! 2    7  46 

0  53  49 

22  3o 

i5  25 

124  29 

322  55 

+  40,000 

6    8  40 

0  55  44 '2  27  53 

3  49  "7 

353  14 

21343 

75  3i 

i36  19 

+  60,000 

5  49  10 

2  28  36-0  5i  52 

4  10  49 

3i7     6 

124  25 

10  47 

66  5o 

+  80,000 

5  33  20 

2     5  43  ,  1  45  40 

I  46  II 

'177  '5 

6435 

170  i5 

322    20 

•M  00,000 

5  35  20 

0  21  54   3    2  57 

0  49  4S 

1240  35 

275  49 

109  57 

145  25 
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786.— Table  II. 

DISTANCES  OF  THE  PLANETS  FROM  TFIE  SUN 
AND  EARTH  IX  MILLIONS  OF  MILES. 


( T%e  numbers  in  this  Tahle  can  he  read  as  millhHS  and  decimals  of  a 
mUlioHj  or^  by  adding  three  ciphers  on  the  right  in  each  colttmn,  as 
millions  and  thousands :  for  example^  the  mean  distant  0/  Mercury 
from  the  Sun  is  35*392  tit  the  Table,  or  3 5,392.000  miles,) 


PUnAt 

DtituMW  fmfl  San 

OnaXttA 

UbA 

iima 

CVmJuncUan 

]26'8ai 
>  57564 

230  741 
391703 

1n7-353 
33S'4o3 

344  4+< 

344S35 
416-937 
S67  111 
963  S67 
1845-299 
2837>*1 

Atlnfffdar 
nrOptudtlaik 

56-03S 
25196 

47881 
109843 
J  24  493 
151S43 
j6[  Sg| 
i6r97i 
234077 
384  i«i 
780707 
10624)9 
1654560 

URBCunr 
Vrxts    - 
Eartii    - 

FroRA    - 
VfcsrA    • 

Ckrks     - 
p*I.lJlfl  - 
Camtij^  - 

JtTtTKft  - 

SvrrRN   - 
Uraxv*  * 

KUPTCXB 

41  669 

66586 

92-96I 

]52'3o4 

*3i-8i3 
i3SoiS 
S06735 
172318 
3t3337 
365447 
49«'639 
9ZO-973 
1H35-S61 
1771-190 

»SmS 
65-681 

89897 
116  3i8 

169733 
196831 

l3l  211 

133704 
192973 

2B5-S67 
451745 

Eil-3oi 
1671  177 
2710  8q6 

35-392 
66134 

91430 
i39]ii 

101-27! 
1^5913 

i+3973 
3  5 Voti 
253'4o5 
31SS07 
47S692 
»7i  r37 
1753-869 
274S998 

It  has  not  been  considered  necessary  to  give  in  this  table  the 
distance?  of  all  the  minor  planets  from  the  sun  and  earth.  Those 
of  Flora,  whose  mean  distance  is  the  nearest,  and  Camilla,  the 
farthest  from  the  sun,  will  give  a  general  idea  of  the  position 
of  the  group  in  the  solar  system.  The  nearest  approach  to  the  sun 
is  made  by  Phocea,  while  Freia  recedes  farthest  from  him,  the 
difference  of  distance  between  Phocea  in  perihelion,  and  Freia  in 
aphelion  being  about  204  millions  of  miles. 

A  general  impression  of  the  relative  magnitudes  of  the  different 
planets  is  conveyed  to  the  mind  by  a  simple  illustration  first 
suggested  by  Sir  J.  Herschel.  Suppose  we  take  a  globe,  two  feet 
in  diameter,  and  place  it  in  a  well-levelled  field  or  bowling-green. 
Let  this  globe  represent  the  sun.  Theu  at  the  relative  distances 
of  the  planets,  Mercury  will  be  represented  by  a  grain  of  mustard 
seed ;  Venus,  a  pea;  the  Earth,  also  a  pea;  Mars,  a  rather  large 
pin's  head;  the  minor  planets  as  grains  of  sand;  Jupit«>r,  a 
moderately-sized  orange ;  Saturn,  a  small  orange ;  Uranus,  a  full- 
sized  cherry,  or  small  plum ;  and  Neptune,  a  middle-sized  plum. 
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786  a. — Xouffli  elements  of  tbe  orbit  of  tbe  VoTember 
rlnc  of  meteorolitee. — Observers  are  now  generally  of  opinion 
that  these  apparently  wandering  bodies  are  really  members  of  our 
fiolar  system,  haying  an  extraneous  or  cosmical  origin,  and  revolving 
in  definite  orbits  around  the  sun.  From  the  periodic  observation^ of 
showers  of  these  meteor-planets,  we  may  infer  that  as  the  earth  is 
pursuing  its  course  in  its  orbit,  it  passes,  at  stated  intervals,  through 
or  near  rings  of  these  small  bodies,  which  on  coming  in  contact  with 
the  earth's  atmosphere  become  ignited.  Mr.  H.  A.  Newton,  an 
American  mathematician,  has  discussed  in  considerable  detail  the 
observations  of  remarkable  meteoric  showers,  from  which  he  haa 
deduced  rough  elements  of  the  meteors  composing  the  November 
ring.  The  following  notes  contain  a  few  of  his  results,  i .  A  glance 
at  the  observed  dates  of  the  showers  shows  that  there  is  a  cycle  in 
about  the  third  part  of  a  century,  and  that  during  the  two  or  three 
years  at  the  end  of  each  cycle,  showers  may  be  expected.  The 
exact  length  of  the  cycle  is  33*25  years.  2.  The  time  of  a  sidereal 
revolution  of  the  meteoric  group  around  the  sun  is  354*621  dftys. 
3.  Each  body  has  its  own  elliptic  orbit  about  the  sun,  this  orbit 
being  slightly  modified  by  the  action  of  the  rest  of  the  group.  %  It 
is  probable  that  all  these  ellipses  are  equal,  or  the  meteors  would 
soon  Matter  themselves  along  the  whole  circuit  of  the  ring,  and 
there  would  be  a  display  every  year.  4.  The  semi-major  axis  of 
the  mean  of  these  orbits  is  098049,  the  mean  distance  of  the  earth 
being  unity.  5.  The  excentricity  is  evidently  small,  probably 
differing  no  more  than  two  or  three  degrees  from  a  right  angle. 
The  ring  would  therefore  be  nearly  circular  The  inclination  of 
the  orbit  to  the  ecliptic  is  about  1 7°.  6.  The  velocity  with  which 
the  meteors  enter  the  atmosphere  in  the  opposite  direction  to  the 
earth's  motion  is  about  20  miles  a  second,  giving  an  apparent 
velocity  of  nearly  40  miles  a  second.  7.  The  length  of  the 
November  group  is  supposed  to  be  about  40  millions  of  miles. 
If  a  shower  last  five  hours,  the  thickness  of  the  ring  would 
be  the  distance  passed  over  by  the  earth  in  that  interval  of  time 
multiplied  by  the  sine  of  the  inclination,  or  more  than  100,000 
miles. 

The  general  observation  of  the  magnificent  display  of  meteors  on 
the  night  of  November  13,  1866,  will  give  data  which  will  pro- 
bably slightly  alter  the  results  obtained  by  Mr.  Newton.  At 
(treenwich  nearly  10,000  were  observed.  The  radiant  point  from 
which  the  paths  of  the  meteors  appean>d  to  diverge  during  this 
display,  was  near  x  Laonis,  a  small  star  between  7  and  t  Leonis. 
The  inclination  of  the  orbit  of  the  ring  of  meteors,  as  found  from 
a  discussion  of  these  observations,  is  about  1 9^. 
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790.  Thb  Mook. 
Mean  distance  from  the  earth    59*964.3  5  9emi-diameten  of  earth. 
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29     12  44      29 


Mean  sidereal  revolution 
Mean  tropical  reyolution 
Mean  synodical  revolution 
Mean    longitude    at    epoch, 
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Mean  longitude  of  perigeei 
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Mean  longitude  of  ascending 

node,  (180 1,  Jan.  I.) 
Inclination  of  orhit 
Excentricity  of  orhit    - 


-  Ii8*»  If  8"-3 
266    10   7-5 


53    177 
8   47-9 


00548442 


VI. 

COMETS,  WHOSE  ORBITS  ARE  CONTAINED 

ORBIT  OF  SATURN. 

as  that  discovered  hy  Pons  in  181 9.) 
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792.  BiAffram  of  tbeir  orbits.— In y%r.  1 08,  the  orbits  of  then 
comets  are  brought  to  a  common  plane,  and  represented  lougbly 
only  in  their  proportions  and  relative  positions,  so  as  to  exhibit  to 
the  eye  their  several  ellipticities.  and  the  relative  directions  of 
their  axes.*  These  bodies  all  revolve  in  the  common  direction  of 
the  planets. 

793.  Planetary  oliaracter  of  tbeir  orbits. — It  is  not  alone, 
however,  in  the  direction  of  their  motions,  that  the  orbits  of  these 
bo<lics  have  an  nralogy  to  those  of  the  planets.  Their  inclinationsi 
with  one  exception,  are  within  the  limits  of  those  of  the  planets 
Their  cxcentricitio^*,  though  incomparably  greater  than  those  of  the 
pInnetB,  are,  as  will  presently  appear,  incomparably  less  than  those 
of  all  other  comets  yet  discovered.  Their  mean  distances  and 
periods  (with  the  exception  of  the  last  two  in  the  table)  are  within 
the  limits  of  those  of  the  planetoids. 

The  comparison  of  the  numbers  ^ven  in  Table  VI.  with  those 
which  are  given  in  the  table  of  the  elements  of  other  elliptic 
comets,  and  the  comparison  of  the  diagrams  of  their  orbits  with 
those  of  others,  will  show  in  a  striking  manner  to  how  jgreat  an 
extent  the  orbits  of  this  group  of  comets  possess  the  planetaiy 
character.  Besides  moving  round  the  sun  in  the  common  direction, 
their  inclinations,  with  a  single  exception,  are  within  the  limits  of 
those  of  the  phmcts.  It  is  true  that  their  excentricities  have  an 
order  of  magnitude  much  greater ;  but  on  the  other  hand,  they  are 
incomparably  less  than  the  excentriirities  of  all  other  periodic 
comets  yet  discovered.  Tliuir  mean  distances  and  periods  place 
them  in  direct  analogj'  with  the  planetoids. 

Moderate  os  are  the  excentricities  as  compared  with  those  of 
other  comets,  they  are  sufficiently  great  to  impart  a  decided  oval 
form  to  the  orbits,  and  to  produce  cou8id(?rable  differences  between 
tlie  perihelion  and  aphelion  distances,  as  will  be  apparent  by  in- 
6p»*cting  the  numbers  in  Table  VI.  It  appears  by  these  that 
while  the  perihelion  of  Encke's  comet  lies  within  the  orbit  of 
Menniry,  its  aphelion  lies  outside  the  orbit  of  the  most  remote  of 
the  phmt'toids,  and  not  far  within  tlmt  of  Jupiter.  The  perihelion 
of  Biela's  comet,  in  like  manner,  lies  between  the  orbits  of  the  etirth 
and  Venus,  while  its  aphelion  lies  outside  that  of  Jupiter.  In  the 
case  of  Faye's  comet,  the  least  excentric  of  the  group,  the  perihelion 
lies  near  the  orbit  of  Mars,  ond  the  aphelion  outside  that  of  Jupiter. 

It  must  be  remember<.Ml  that  the  elliptic  fonn  of  these  orbits  has 
only  been  Verified  by  obser\rttions  on  the  successive  returns  to 
perihelion  of  the  comets  of  Ent-ke,  l)e  Vico,  lirorsen,  U*Arrcet, 

*  In  the  diajrrain.  to  prevent  confusion,  the  orbits  of  the  different  comets 
Rra  imiicated  bv  dotted  or  broken  linef  of  difliVreut  kinds. 
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Ri.I.,  KDd  F«Ye.     The  dliptie  elemenW  of  the  otbem  may.  «> ' 


a*  is  at  p^^Ht^nt  knowii,  have  Wen  ^rtW^ed  I17  di^turbm^;  eauses. 

794,  Bi^ri^un  or  tb«  opblt*  of  Uie  clin^t**^  '^"^ 
nt«ui  distance*  are  ne«iTl7  «4oal  to  U^A-t  ^^ 


1 09  is  pi-efl«?nted  ft  plrtii  of  th(?  orbiu,  ^rf  vyn  jjj  t  t , 
upnn  tt  L^oniDU^n  plane^  and  dmwii  acc<irvfiti«r  j^  th  ^^-m  hrought 
inltbeitiannerto  tli  At  exhibited  in  Jit/.  108.  Th  h-^^*^  Jidlwiled, 
sbowa  ia  a  mnauer  sutEcientJy  exaL^t  for  tl^j  „»  ''*^""-./^*  '09j 
tion,  the  relative  ma^itudea  and  thu  fnnns  of  Lh**^-^*^  iJJ"i*t»H- 
^  well  aj»  the  directions  of  tbeir  eevend  ajcea  ivith  iwi  ^  ■'"^  "^l>itBij  a» 
Itbe  firet  iwint  of  Aries,  ^lAtion  to  Uuu  of 
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79^.  Flanetary  ehimcters  Are  nMurljr  eflkoed  in  tliese 
orbits. — By  oomparing  the  elements  given  in  Table  VII.,  and  the 
forms  and  magnitudes  of  the  orbits  ^own  in  the  diagram,  with 
those  of  the  first  group  of  elliptic  comets  given  in  Table  VI.,  and 
drawn  in^.  io8,  it  will  be  perceived  that  the  planetary  charac- 
teristics;  noticed  in  the  latter  groups,  are  nearly  efiaced.  Five  of 
the  six  comets  composing  the  second  group,  revolve  in  the  common 
direction  of  the  planets,  and  this  is  the  only  planetaiy  character 
observable  among  them.  The  inclinations  are  no  longer  limited  to 
those  of  the  planetaiy  orbits,  and  range  from  i8°  to  74°.  The 
excentricities  are  all  so  extreme,  that  the  arc  of  the  orbit  near 
perihelion  approximates  closely  to  the  parabolic  form,  and  finally, 
the  most  remarkable  body  of  the  group,  the  comet  of  Halley,  re- 
volves in  a  direction  contrary  to  the  common  motion  of  the  pluiets. 

But  this  group  of  comets  differs  more  particularly  in  the  elongated 
oval  form  of  their  orbits,  firom  those  of  the  planets,  and  even  from 
those  of  the  nearer  group  of  comets.  While  their  perihelia  are  at 
distances  from  the  sun  between  those  of  Mars  and  Mercury,  their 
aphelia  are  from  two  to  five  hundred  millions  of  miles  outside  the 
orbit  of  Neptune.  For  example,  the  comet  of  Halley  in  perihelion 
is  at  a  distance  from  the  sim  less  than  that  of  Venus ;  but  at  its 
aphelion,  its  distance  exceeds  that  of  Neptune  by  a  space  greater 
than  the  distance  of  Jupiter  from  the  sun.  The  mean  angular 
motion  of  this  comet  is  nearly  the  same  as  that  of  Uranus,  but  its 
angular  motion  in  perihelion  is  three  times  that  of  Mercury,  while 
in  aphelion  it  amounts  to  little  more  than  a  half  that  of  Neptune. 

The  corresponding  variations  of  solar  light  and  heat,  and  of  the 
apparent  magnitude  and  motion  of  the  sun  as  seen  from  the  comety 
may  be  easily  inferred. 

Li  comets  of  great  excentricity  and  long  period,  in  which  the 
elliptic  form  of  the  orbit  has  been  established,  the  periodicity  has 
not  yet  in  any  instance  been  certainly  established  by  observations 
made  upon  their  successive  returns  to  perihelion  ;  notwithstanding 
this,  however,  the  observations  made  upon  them  during  a  single 
perihelion  passage,  indicate  an  arc  of  their  orbit  which  exhibits  the 
elliptic  form  so  unequivocally,  as  to  supply  mathematicians  and 
computers  with  the  data  necessary  to  obtain,  with  more  or  less 
approximation,  the  value  of  the  excentricity,  which,  combined  with 
the  perihelion  distance,  gives  the  form  and  magnitude  of  the 
comet's  orbit. 

By  calculations  conducted  in  this  manner,  and  applied  to  the 
observations  made  on  various  comets  which  have  appeared  since 
the  latter  port  of  the  seventeenth  century,  the  elliptic  orbits  of 
between  twenty  and  thirty  of  these  bodies  have  been  computed. 
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796 — ^Tabu. 
SYNOPSIS  OF  THE  MOTION  OF  TIIE  ELLIPTIC  COMETS, 

THAT  OF 


1 

Naaac  of  CoBMC 

McmDiMancv- 
fronlhin. . 
Earth'fc^i. 

Exccn. 
tricitjr. 

rrribelioa 
Di»UDce. 

a 

€ 

ax  (1*0 

ax(i+0 

k 

Wettpbal  (1852)  . 
Pom  (1812)     .    - 
D«  Vico  (1846)     . 
01ber»(i8i5)  -    - 
BroneD  (1847)     - 
Halley   .    -    -    . 

16*6200 

17-0955 

I  r  5386 
17-6338 
177795 
179875 

0-9248 

09545 
0*9544 
0*9312 
09726 
0*9674 

1*2510 
07771 
0*6631 
1*2129 

0*4879 
05866 

31-9700 
33*4140 
3435 'o 
34^550 
35^710 
353660 

524 
50-7 
484 
47-9 
47*3 
463 

797.  IMvtribmtlon  of  tlM  eometmry  orbits  in  opaoe. — Id 

reyiewing  the  vast  mass  of  data  collected  by  the  labouis  of  ob- 
eerrerSy  ancient  and  modem,  which  ia  considered  sufficiently 
trustworthy  to  admit  of  classification,  it  is  natural  to  look  for 
some  evidence  of  a  prevalent  law  in  the  motions  of  these  bodies. 
The  absence  of  all  analogy  to  the  planetary  orbits,  except  in  the 
case  of  the  group  of  elliptic  comets  of  short  period,  has  been  already 
indicated ;  but  although  no  analogy  to  the  planetary  motions  may 
exist,  it  does  not  follow  that  the  cometary  motions  may  not  be 
governed  by  some  laws  of  their  own,  the  nature  and  character  of 
which  can  only  be  discovered  by  carefully  conducted  induction. 

798.  BelatlTO  nnmbors  of  Oiroot  and  retroffrado  oometa. — 
It  has  been  shown  that  of  the  twenty  comets  included  in  Tables 
VI.  and  VII.,  which  possess  in  the  most  marked  degree  the  planet- 
ary character,  one  only  is  retrograde. 

To  ascertain  whether  traces  of  the  same  law  are  discoverable  in 
the  other  classes  of  comets  having  elliptic  orbits  of  long  period  or 
parabolic  orbits,  it  is  necessary  to  examine  the  direction  of  those 
whose  orbits  have  been  computed.  Taking,  therefore,  203  comets 
of  which  the  direction  is  ascertained,  it  is  found  that  the  number 
of  those  having  direct  motion  is  104  and  those  having  retrograde 
motion  99.  It  must  therefore  be  concluded  that,  notwithstanding 
the  considerable  number  of  comets  whose  motions  have  been  ob- 


SYNOPSIS  OF  THE  SOLAR  SYSTEM. 


491 


vn. 

WHOSE  MEAN  DISTANCES  ARE  NEARLY  EQUAL  TO 
URANUS. 


P«Hod  in 
Yeari. 

Longitude  of 
Perihelion. 

Longitude  of 

AHreoding 

Node. 

Inclination  of 
Orbit. 

Mean  Time  of  Perihelion 
Paitage. 

Direc- 
tion of 
Motion. 

T 

•  «• 

» 

1 

Greenwich  Mean  Time. 

67770 

43  i»  16 

346  13  25 

40  58  32 

d. 
1852  Oct         12 

>5 

D 

70-068 

92  18  44 

253      X       2 

73  57     3 

1812  Sept      15 

8 

D 

73-150 

90  34  46 

77  35  36 

84  57  13 

1846  March      5 

H 

D 

74-050 

149     I  56 

83  28  34 

44  *9  55 

1815  April      25 

13 

D 

74970 

79  "  46 

309  48  49 

19     8  25 

1847  Sept        9 

13 

D 

76680 

304  31  32 

55    9  59 

17  45     5 

1835  Nov.      15 

13 

K 

sened,  no  general  trace  of  any  law  governing  the  direction  of 
motion  is  discoverable. 

799.  ZtooUnatioii  of  tHe  orbits.—  There  are  evident  indications 
of  a  tendency  of  the  planes  of  the  cometaiy  orbits  to  collect  round 
a  plane  whose  inclination  to  the  plane  of  the  ecliptic  is  45^;  or  if  a 
cone  be  imagined  to  be  formed  having  a  semi-angle  of  45°^  and  its 
axis  at  right  angles  to  the  plane  of  the  ecliptic^  the  planes  of  the 
cx)metary  orbits  betray  a  tendency  to  take  the  position  of  tangent 
planes  to  the  surface  of  such  a  cone. 

800.  Bistrtbiittoii  of  the  points  of  perilielioit. — Considering 
how  much  the  visibility  of  a  comet  from  the  earth  depends  on  its 
perihelion  distance^  and  that  beyond  a  certain  limit  of  such  dis- 
tance a  comet  cannot  be  expected  to  be  seen  at  all;  it  cannot  be 
thought  that  the  law,  if  any  such  there  be,  which  governs  the  dis- 
tribution of  the  points  of  perihelion  round  the  sun,  can  be  discovered 
with  any  degree  of  certidnty.  Nevertheless  it  will  not  be  without 
interest  to  show  the  distribution  of  the  points  of  perihelion  of  the 
known  comets  in  relation  to  their  distances  firom  the  sun. 

If  the  centre  of  the  sim  be  imagined  to  be  surrounded  by  spheres 
having  semi-diameters  increasing  successively  by  a  constant  incre- 
ment of  20  millions  of  miles,  the  number  out  of  every  hundred 
known  comets  whose  perihelia  lie  between  sphere  and  sphere,  will 
be  as  follows :  — 

K  K  2 
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VaabcrorPoikclfib 

Within      20     millioiiB 8-65 

Between    20  and  40 1 1  -70 

40    ,,    60 20*30 

60    ^    80     .        •        •        •        .        .  17-20 

80    „  100 2080 

100    „  120 865 

120    „  140 4.55 

140    „  160 4105 

160    II  180     .        .        •        •        •        •  2*00 

180    I,  220 1.55 

220    „  420 o'55 

loo-oo 


It  18  evident  that  the  small  proportion  of  the  perihelia  which  lie 
outside  the  sphere,  whose  radius  is  1 20  millions  of  mDes,  must  be 
ascribed  to  the  fact  that  comets  moving  in  such  orbits  will  mostly 
escape  observation ;  hut  it  may,  perhapS|  be  assumed  that  the 
comets  whose  perihelia  lie  within  a  sphere  through  the  earth's 
orbit  have  nearly  equal  chances  of  being  observed.  If  this  be 
assumed,  then  it  will  follow  that  the  numbers  of  such  comets  which 
have  been  observed  are  nearly  proportional  to  their  total  numbers, 
and  therefore  that  the  numbers  within  this  limit  in  the  preceding 
table  do  actually  represent  approximately  the  distribution  of  the 
points  of  perihelia  round  the  sun. 

If  we  compare  then  the  number  of  perihelia  situate  between  the 
equidistant  spheres  indicated  in  the  preceding  table  with  the  cubical 
spaces  through  which  they  are  respectively  distributed|  we  shall 
obtain  an  approximate  estimate  of  the  density  of  their  distribution 
in  relation  to  the  distances  from  the  sun.  We  have  computed  the 
following  table  with  this  view.  In  the  second  column  is  given  the 
number  of  comets  per  cent,  whose  perihelia  are  included  between 
the  equidistant  spheres ;  in  the  third  column  the  numbers  express 
the  cubical  spaces  between  sphere  and  sphere,  the  volume  of  thu 
sphere  whose  radius  is  20  millions  of  mileS|  being  the  cubical 
unit ;  and  in  the  fourth  column  the  numbers  are  the  quotients  of 
those  in  the  second  divided  by  those  in  the  third,  and  therefore 
express  the  successive  densities  of  the  perihelia  between  sphere 
and  sphere. 


SYNOPSIS  OF  THE  SOLAR  SYSTEM. 


493 


o    to 

20 

Number  of 
PerlhelUu 

Cubiod  Spu«. 

Dentky  of 
PwibelU. 

8-65 

I 

865 

20   „ 

40 

1 1 70 

7 

1*67 

40  ,» 

60 

20-30 

«9 

1*06 

60  „ 

80 

17*20 

37 

o*47 

80  „ 

100 

20*80 

61 

0-34 

100   ,. 

120 

865 

9« 

0095 

It  IB  evident  then,  that  the  density  of  the  perihelia  increafles 
rapidly  in  approaching  the  8un«  If  the  numbers  in  the  last  column 
of  the  table  be  compared  with  the  inverse  powers  of  the  distance, 
it  will  be  found  that  this  increase  of  density  is  more  n^pid  than  the 
inverse  distance,  but  less  so  than  the  inverse  distance  squared* 

800  a.  Sncrested  oonneotion  between  eometa  anA  me- 
teorolitee.— The  successful  observation  of  the  great  display  of 
meteors  on  the  night  of  November  13-14,  1866,  has  drawn  the 
attention  of  several  astronomers  to  the  possible  origin  of  this  class 
of  cosmical  bodies.  M.  Schiaparelli,  of  Milan,  in  a  series  of  letters 
to  M.  Secchi,  has  exhibited  several  apparent  analogies  between 
the  orbits  of  comets  and  meteorolites,  and  he  has  considered  that 
this  possible  connection  may  be  a  fair  assumption,  if  we  can  imagine 
the  existence  of  united  systems,  in  which  an  accumulation  of  small 
bodies  might  be  congregated  around  one  or  more  nuclei  of  greater 
magnitude. 

From  an  examination  of  M.  Schiaparelli*s  speculations,  we 
gather  that  if  a  mixed  system  of  this  khid  were  brought  near  us, 
by  the  attraction  of  the  sun,  under  the  form  of  a  parabolic  ring, 
the  parabolas  described  by  the  principal  bodies  ought  to  differ  but 
slightly  from  the  parabola  described  by  the  ring  of  the  smaller 
ones.  This  is  evident,  because  the  ring  is  formed  by  an  infinite 
number  of  parabolas  massed  together,  in  the  midst  of  which  is  the 
parabola  of  the  principal  body.  Consequently,  when  we  find  a 
meteoric  ring,  the  elements  of  whose  orbit  are  identical  in  magni- 
tude and  position  with  those  of  any  comet,  we  may  naturally  infer 
that  the  comet  forms  part  of  that  ring,  and  would  be  one  of  its 
constituent  members. 

According  to  this  hypothesis,  M.  Schiaparelli  has  determined 
the  elements  of  the  parabolic  orbit  described  in  space  by  the  ring 
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of  meteorolites  of  AuguBt  lo.  The  results  were  fotmd  to  agree 
sensibly  with  the  elements  of  the  great  comet  of  1 862,  from  the 
latest  calculation  of  M.  Oppolzer.  They  can  be  best  compared  by 
pladng  the  two  sets  of  elements  side  by  side  as  follows : — 


ElfnnraU  of  the  Augnat    Elementi  of  Comet  II* 


ring  of  Meteorolitet. 

i86x. 

Perihelion  pasMge     .       .    1866  July  23*61 

1862  Aug.  22  9 

Ascending  Node  passage   .       „    Aag.  1075 

... 

Longitude  of  Perihelion     .        .      343^18' 

344*^41' 

Longitude  of  Ascending  Node    •      138    16 

137   27 

Inclination  of  Orbit    ...        64     3 

66    2$ 

Perihelion  distance            .       .         0*9643 

0*9626 

Motion  retrograde.    Motion  retrograde. 

From  elliptic  elements  by  M.  Stampfer,  the  period  of  the  comet 
b  found  to  be  1 1 3  years.  M.  Schiaparelli  has  shown  from  recorda 
of  extraordinary  showers  of  meteors,  that  the  period  of  the  August 
ring  does  not  differ  £rom  the  above  to  any. great  extent.  He 
remarks :  **  We  see  that  the  two  systems  of  elements  differ  between 
themselves  only  by  such  quantities  which  might  be  easily  attributed 
to  a  want  of  precision  in  the  determination  of  the  position  of  the 
node  of  the  meteorolites,  or  to  that  of  their  point  of  divergence. 
I  find  even  that  in  making  slight  changes  in  the  co-ordinates  of 
this  point,  most  of  the  differences  almost  entirely  disappear.  I 
have  then  come  to  the  conclusion,  that  the  great  comet  of  1 862 
is  no  other  than  one  of  the  August  meteors,  and  it  is  probably  the 
most  considerable  of  them  alL'' 

Several  well*e8tabUshed  coincidences  between  the  orbits  of 
comets  and  meteors  have  now  been  proved.  The  orbit  of  the 
great  November  stream  of  meteors  is  nearly  identical  with  that  of 
Comet  I.,  1 866.  The  period  of  the  November  star-shower  was 
originally  supposed  by  Professor  Newton  to  be  354*6  days,  but 
the  period  now  assigned  to  it  is  33^  years.  Professor  Adams  has 
determined  the  effects  produced  by  the  action  of  Jupiter,  Saturn, 
and  Uranus  on  this  ring.  He  has  conclusively  shown  that,  during 
a  period  of  33^  years,  the  longitude  of  the  node  is  increased  20' 
by  the  action  of  Jupiter^  nearly  7'  by  the  action  of  Saturn,  and 
about  i^  by  that  of  Uranus.  The  other  planets  produce  scarcely 
any  sensible  perturbations,  so  that  the  computed  increase  in  the 
longitude,  on  account  of  these  planetary  disturbances,  amounts  to 
about  28'.  The  observed  increase  of  longitude  in  the  same  inter- 
*  val  is  29^    This  agreement  is  very  remarkable. 


APPENDIX. 


The  following  brief  abstracts  and  notes  of  some  of  the  principal 
processes  and  researches  which  have  occupied  the  attention  of  as- 
tronomers during  the  last  few  years,  will,  in  some  cases,  give  the 
peculiarities  of  the  subject  in  fuller  detail  than  can  be  found  in 
the  preceding  pages. 

80 1.  Beseiiptton  and  nse  of  tbe  Oreenwloli  olurono* 
ffrapli. — On  page  1 8,  we  have  briefly  described  the  general  me- 
thod of  observing  transits  by  eye-and-ear  with  the  transit  instru- 
ment, and  we  have  also  mentioned  that  in  many  observatories 
transits  are  now  observed  by  the  chronographic  method.  As  the 
registration  of  transits  by  the  chronograph  has  become  the  ordi- 
nary method  in  the  daily  observations  at  the  Royal  Observatoiy, 
and  as  the  adoption  of  the  system  becomes  every  year  more  general, 
we  believe  that  a  detailed  description  of  the  apparatus  vrill  be  ac- 
ceptable. It  may  be  remarked,  that  different  plans  of  construction 
have  been  used  at  different  places,  but  the  leading  principle  is 
the  same  in  all.  The  Greenwich  instrument  may  therefore  be 
taken  as  a  general  type  of  the  others. 

The  chronogpraph  consists  of  two  distinct  portions,  a  recording 
cylinder,  and  a  clock  for  driving  the  cylinder.  Since  the  flow  of 
time  is  uniform,  the  cylinder,  which  is  covered  with  paper  for  the 
reception  of  the  record,  must  also  turn  uniformly.  The  clock  (used 
solely  for  driving  the  cylinder)  is  therefore  provided  with  a  pen- 
dulum having  conical  motion.  Uniform  motion  is  thus  obtained. 
By  the  side  of  the  cylinder  two  long  screws  are  placed.  These  are 
turned  slowly  by  the  clock.  On  the  screws  a  frame  travels  carrying 
the  recording  apparatus.  This  consists  of  two  electro-magnets, 
each  of  which,  bv  attracting  an  armature,  causes  a  steel  point  to 
puncture  the  paper  on  the  cylinder.  Now,  in  the  transit-clock 
means  are  provided  for  closing  a  galvanic  circuit  at  each  beat  of 
the  pendulum.  Wires  from  the  clock  pass  to  one  of  the  electro- 
magnets of  the  chronograph.  At  every  beat  of  the  pendulum  of 
the  transit-clock,  therefore,  a  galvanic  current  flows  to  the  electro- 
magnet, its  armature  is  pulled,  and  a  puncture  made  in  the  paper 
on  the  cylinder.    As  these  punctures  are  made,  the  recording 
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frame  is  travelliiig  in  a  directdon  parallel  to  the  axis  of  the  cylinder, 
the  punctures  therefore  form  a  spiral  row  of  dots  from  one  end 
of  the  cylinder  to  the  other.  Once  each  minute,  no  contact  is 
made  by  the  transit-clock;  the  omission  of  the  corresponding 
puncture  marks,  with  certainty^  the  commencement  of  each  minute. 
From  the  second  of  the  two  electro-magnetS;  wires  pass  to  the 
transit-circle,  the  altazimuth,  and  the  great  equatorial.  The  ob- 
servations made  with  these  three  instruments  may  therefore  be 
registered  simultaneously.  An  ivoiy  key,  or  contact-piece,  is 
placed  on  the  eye-end  of  the  transit-circle  and  equatorial,  and 
within  reach  of  the  observer  with  the  altazimuth.  As  the  object 
to  be  observed,  say  a  star,  becomes  bisected  by  each  wire  in  suc- 
cession, the  observer  completes  the  circuit,  by  pressing  the  contact- 
piece,  which  causes  corresponding  records  to  be  made  on  the 
revolving  cylinder  between  the  seconds'  punctures  of  the  transit- 
clock.  This  completes  the  observation.  It  is  now,  however, 
necessary  to  identify  the  proper  punctures  for  each  observation. 
This#is  never  performed  till  the  following  morning.  It  is  the  duty 
of  an  assistant  to  mark  the  time  corresponding  to  the  transit-clock 
pimctures ;  the  names  of  the  objects  observed  on  the  preceding 
evening  are  also  marked  on  that  part  of  the  paper  at  which  each 
transit  is  recorded.  The  time  of  transit  over  each  wire  is  then  read, 
and  entered  into  the  transit-book,  which  is  finally  handed  over  to 
the  computer  for  the  systematic  reduction  of  the  observations.  The 
cylinder  is  large  enough  to  contain  five  or  six  hours  of  continuous 
work.  When  the  paper  on  one  is  fiUed  with  punctures,  another 
is  substituted,  there  being  five  in  reserve.  After  the  obser- 
vations have  been  read  off  as  described,  the  paper  is  removed 
from  the  cylinder  and  carefully  preserved  in  the  archives  of  the 
Observatory. 

The  Greenwich  chronograph  has  been  in  constant  use  since  the 
year  1854.  Among  the  great  advantajres  of  the  chronographic 
method  of  recording  transits  are :  i .  That  the  record  is  unquestion- 
ably free  from  doubt ;  as  it  is  sent  by  the  observer,  so  it  per- 
manently remains.  2.  That,  by  this  method,  the  transits  made 
with  several  instruments  are  all  referred  to  one  clock,  thus  avoid- 
ing the  necessity  of  making  comparisons  between  the  time  as 
shown  by  different  clocks.  3.  That  greater  accuracy  is  obtained 
over  the  old  method,  as  can  te  seen  by  reference  to  the  numbers  on 
page  19.* 

•  For  an  account  of  the  comparative  accuracy  of  the  old  and  new  methods 
of  observing  transits,  the  reader  is  referred  to  a  paper  in  the  Mtmthfy 
Notices  of  the  Royal  Aitronomical  Society^  vol.  xxiv.  p.  152,  "On  the  pro- 
bable error  of  a  meridional  transit  observation  by  the  *  eye  and  ear,*  and 
chronographic  methods."    By  Edwin  Dimkin,  F.R.A.S. 
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802.  SeduottOB  of  meridional  oboervatioiio. — In  paragraph 
23  ^  seq.  we  have  briefly  described  the  general  construction  and 
use  of  meridional  instruments,  and  have  also  explained  the  usual 
adjustments  required  before  they  can  be  used  for  astronomical  ob- 
servations. The  final  adjustments  are,  however,  frequently  made 
about  the  time  of  observation^  and  corrections  for  the  errors  of 
collimation,  level,  and  azimuth  of  the  transit  instrument  are  always 
applied  in  the  reductions,  as  will  be  seen  below.  As  inquiries  are 
often  made  on  this  subject^  we  consider  it  will  be  probably  useful 
to  the  amateur  computer  if  we  now  add  complete  examples  of  the 
reduction  of  an  actual  observation  of  a  star,  on  the  meridian  of 
Greenwich,  made  with  the  transit-circle.  It  will  tend  to  clear- 
ness if  we  make  our  reduction  a  fac-simile  of  that  contained  in 
the  archives  of  the  Royal  Observatory,  beginning  with  a  transit 
observation. 

d.    h.   m. 
Approximate  Solar  Time  .        .        .    1864  Nov.    9  22  50. 

Name  of  Object Arctarus. 

Approximate  N.P.D.  of  Object .        .    70P  6' 

Observer D. 

Reading  of  Transit  Micrometer 


lyansit  over  separate  wires 


Correction  to  central  wire  . 

Observed  Transit 
Colliraation  Error  -3"7i  . 

Level  Error  +  io"73  . 

Azimuthal  Error  -3"'69   . 
True  Transit  over  Meridian 
Clock  slow  at  o**  Sidereal  preceding 
Adopted  Losing  Rate  —  C  40     . 
Observed  R.A.  of  Object    . 
Star's  correction  with  sign  changed 
Obsebved  Meax  RA.  Jan.  i,  1864 


31-000. 

h 

.    m.    s. 

94 

125 

154 
18-3 

• 

.    242 

300 

14 

329 

36-0 

9    38-8 

9)2175 

2416 

•         • 

—  005 

.     H 

9    H" 
-    -26 

23-85 
+     -66 

2451 

• 

-      14 

•     14 

9    34-37 
4-84 

• 

-     -24 

.     14 

9    3897 

. 

-  1*43 

4     H 

9    a7-54 
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In  the  preceding  observation  the  three  instrumental  errors  wem 
obtained  as  follows : — 

ColUmation. — ^The  coefficient  of  this  error  (26)  is  daily  determined 
by  the  observation  of  the  coincidence  of  the  transit>-circle  middle 
wire  with  wires  placed  in  the  eye-end  of  two  opposite  telescopes, 
or  collimators,  whose  object-glasses  are  turned  towards  the  centre 
of  the  instrument,  the  collimator  wires  having  been  previously 
adjusted  on  each  other.  In  practice  it  is  usual  to  leave  the  micro- 
meter of  the  transit-telescope  at  some  convenient  reading,  near  to 
that  for  the  true  line  of  coUimation,  the  difference  of  the  two  read- 
ings being  the  error  of  collimation.  The  numerical  correction  to 
the  observations,  in  seconds  of  time,  is 

I 


Error  of  collimation  x 


iSsinN.P.D. 


Zcrc/.— The  error  of  level  (25)  is  ascertained  by  the  use  of  an 
eye-piece  invented  by  M.  Bohnenberger,  consisting  of  three  lenses 
and  a  transparent  glass  reflector,  the  surface  of  which  is  placed  at 
an  angle  of  45°  with  the  axis  of  the  eye-piece.  The  observation  is 
made  as  follows:  The  telescope  is  placed  in  a  vertical  position 
with  the  object-glass  downwards,  a  trough  of  quicksilver  being 
directly  under  the  object-glass.  By  this  means  the  images  of  the 
central  wire  are  viewed  by  reflection  and  direct  vision  at  the  same 
time.  The  two  images  are  then  made  to  coincide  by  turning  a 
mici-ometer  screw,  six  readings  being  generally  taken.  The  differ- 
ence between  the  mean  of  all  the  micrometer  readings  and  that 
adopted  for  the  true  line  of  collimation  of  the  telescope  is  the 
error  of  level.  The  error  in  terms  of  micrometer-reading  is 
then  converted  into  seconds  of  arc  for  use  in  the  reductions.  The 
numerical  correction  for  each  observation  is 

Error  of  level  X  cos  Jggijh  distance 
1 5  sm  N.P.D. 

Azimuth. — ^The  azimuthal  error  (27)  is  obtained,  when  possible, 
by  the  comparison  of  the  observations  of  consecutive  transits  of 
Polaris  above  and  below  the  pole.  When,  from  cloudy  weather, 
a  single  observation  only  of  Polaris  is  made,  the  error  is  determined 
from  a  combination  of  the  observations  of  that  star  and  one  situate 
near  the  equator.  The  method  of  reduction  is  fully  explained  in 
the  introduction  to  the  Greenwich  ObsenxUions,  "The  letter  a 
being  put  for  the  azimuthal  error ;  the  time  of  true  transit  of  any 
star  consists  of  an  observed  time  with  an  additional  term  multiplied 
by  s,  and,  therefore,  the  clock-error,  as  given  by  comparison  of  that 
transit  with  the  star's  tabular  R.  A.,  contains  a  term  multiplied  by 
s.  The  clock-error  given  thus  by  a  star  near  the  pole  contains  a 
large  multiple  of  z.    The  clock-error  given  by  a  star  far  from  the 
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pole  contains  a  small  multiple  of  s.  Equating  these,  with  proper 
allowance  for  the  rate  of  dock,  z  is  found.  The  combination  of 
two  stars,  both  near  the  pole,  but  one  above  and  the  other  below 
the  pole,  is  very  favourable,  as  both  factors  of  2  are  large,  but  have 
opposite  signs."  8  Ursad  Minoris  and  Cephei  5 1  (He v.),  whose 
difference  of  right 'ascension  is  about  twelve  hours,  are,  next  to 
Polaris,  the  most  valuable  stars  for  the  determination  of  the  azi- 
muthal  error.  The  following  examples  are  given  as  illustrations 
of  both  methods  pf  reduction,  the  fiist  being  by  consecutive  transits 
of  Polaris, 

d.  b.  b.  m.     I.  ■• 

1864.    Nov.  9  la    Transit  of  Polaris    .       •       .    i  10  32*86 

92a.    Transit  of  Polaris  S.P.     .       .  13  10  4477"' ''^^ 

10  la    Transit  of  Polaris    .       .       .    i  10  31*87    ^^^ 

Mean       .        -t  — 12*40 

z==^i^g.— 3-69. 
3360        ^  ^ 

The  azimuthal  error  in  the  second  example  is  determined  from 
the  comparison  of  one  transit  of  Polaris  with  a  transit  of  an  equa- 
torial star,  c  Piscium. 

d.  h.  h.  m.       I. 

1864.    Nov.  8  la    Transit  of  c  Piscium        .        •    o  55  5275 +«x 0047 
RA.  of  c  Pisciam    •       •        •    o  55  57-63 

4^ 
Rateof  clock —o**4o        .  00 

Clock  slow        .       .       .  4*88— zx  0*047 

d.  h. 

8  la    Transit  of  Polaris    •       .       •    i  10  33*96— z  x  1-628 
R.A.  of  Polaris  •    i  10  43*09 

9-13 +a  X  1*628 


1*675  ^ 

The  fftctors  used  in  these  reductions  are  printed  in  a  tabular 
form  in  the  volume  of  Greenwich  Observations,  The  numerical 
correction  to  the  observed  transit  is 

A  .:»,,,4i««i  ^•^«  ^  sin  zenith  distance  south 

Azimuthal  error  X  ; — ,-.-,  -^ 

15  smKP.D. 

By  the  application  of  these  three  corrections  to  the  observed 
clock-time  of  transit,  the  true  transit  over  the  meridian,  referred  to 
the  transit-clock,  is  foxmd.  The  apparent  right  ascension  of  the 
object  is  then  easily  computed  by  applying  the  clock-error,  which 
is  always  determined  from  the  observations  of  special  stars,  whose 
tabular  places  are  known  with  considerable  accuracy. 

The  following  calculation  is  for  the  corresponding  observation 
of  Aicturus  in  zenith  and  north  polar  distance. 


Micrometer  Beading.  „dl^„ 

Correction  for  Fle„,e,,„dEr 
•'en'th  Point  CorrecHon 

Apparent  Zenith  Di,unce&ut 
Kefraction  (from  below) 

True  Zenith  Distance  South 

Colatitude 
0MK8VKD  North  p;^;d,, 

htara  Correction  with  Sit 
M«Ai,  N.P.D.  j^^  ,^  jgg^ 

From     -  Barometer  and  B  (Ta 
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kingdom.  TMb  sending  of  time  signals  has  become  of  considerable 
importance,  now  that  Greenwich  time  is  almost  everywhere  adopted. 
The  parent,  or  normal,  clock  which  performs  the  whole  of  this 
daily  operation,  is  a  galvanic  clock  of  Shepherd*s  construction,  and 
was  erected  in  the  year  1852.  In  connection  with  it  there  are 
six  others  acting  in  sympathy.  The  pendulum  of  the  normal 
dock  determines  the  time  at  which  galvanic  currents  shall  circulate 
throughout  the  whole  system ;  thus  all  the  clocks  advance  together, 
beat  for  beat,  and  all  depend  on  the  one  pendulum  of  the  normal 
clock.  One  of  the  sympathetic  clocks  is  placed  in  the  external  wall 
of  the  Observatory,  another  in  the  chronometer  room^  two  in  the 
computing  room,  one  in  the  Astronomer  Royal's  dwelling-house, 
and  one  in  the  Royal  Hospital  school  the  wires  to  which  pass 
under  the  ground  of  Greenwich  Park.  The  normal  clock  also  sends 
galvanic  currents  at  eveiy  second  of  time,  for  the  purpose  of  regu- 
lating a  clock  at  London  Bridge  railway  station,  as  well  as  others 
in  London,  on  the  principle  patented  by  Mr.  R.  L.  Jones.  Every 
morning,  it  is  the  duty  of  the  superintendent  of  the  time  depart- 
ment to  see  that  the  normal  clock  indicates  Greenwich  mean  time 
exactly,  for  which  purpose  he  makes  use  of  the  latest  available  ob- 
servations made  with  the  transit-circle  (47).  As  the  whole  system 
depends  on  the  parent  clock,  acceleration  or  retardation  of  its  pendu- 
lum accelerates  or  retards  simultaneously  all  the  sympathetic  docks. 
This  delicate  operation  is  performed  by  the  assistant  in  the  most 
simple  manner.  A  bar  magnet  is  fixed,  vertically,  on  the  clock 
pendulum ;  underneath  a  fixed  galvanic  coil  is  placed.  If  we  wish 
to  accelerate  the  pendulum,  a  current  is  allowed  to  flow  through 
the  coil,  such  as  shall  attract  the  magnet ;  when  the  pendulum  is 
suffidently  accelerated,  the  current  is  intercepted.  By  employing 
an  opposite  current  to  repel  the  magnet,  the  dock  is  retarded. 
The  correction  to  be  made  daily  is  generally  very  small,  and  is  the 
work  of  only  a  few  minutes.  The  normal  clock,  which  now  shows 
true  Greenwich  time,  is  ready  to  perform  its  part  in  sending  forth  its 
indications  throughout  the  length  and  breadth  of  the  land.  The 
following  is  the  process  :  A  galvanic  circuit  is  closed  automatically 
by  the  clock  at  the  commencement  of  each  hour  exactly,  causing 
currents  to  pass  by  one  wire  to  London  Bridge  railway  station, 
and  by  another  wire  to  the  principal  office  of  the  Telegraph  De- 
partment of  the  General  Post  Office,  London.  The  currents  re- 
ceived at  London  Bridge  are  distributed  by  Mr.  Walker  to  stations 
on  the  South  Eastern  lines  of  railway ;  for  which  purpose  the 
clock  already  mentioned  switches  the  necessary  wires  into  con- 
nection with  the  Greenwich  wire,  so  that  the  Greenwich  signal 
may  pass  on  uninterruptedly.  The  currents  received  by  the 
Telegraph  Department  of  the  General  Post  Office  are  distributed  by 
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them  in  London  und  the  country.  The  lo  A.x.  current  is  most 
extendvely  used  in  the  Provinces.  It  is  transmitted  automatically 
to  more  thnn  twenty  provincial  towns  in  England,  and  also  to 
Guernsey,  Edinburgh,  Glasgow,  Dublin,  and  Belfast  A  current 
is  also  sent  by  hand  to  over  600  offices  in  direct  communication 
with  the  Central  Telegraph  Office,  including  the  principal  rail- 
way termini.  Many  of  these  offices  redistribute  the  time  signal 
to  the  offices  radiating  from  them,  so  that  practically  from  the 
10  A.M.  cun-ent  from  Greenwich  most  of  the  post-office  and  rail- 
way clocks  in  the  kingdom  are  regulated.  At  one  o'clock  precisely, 
the  current  from  the  battery  in  connection  with  the  normal  clock 
discharges  the  Greenwich  time-ball ;  at  the  same  time,  the  current 
to  London  Bridge  passes  by  one  of  the  South  Eastern  Railway 
wires  to  Deal,  where  a  time-ball,  belonging  to  the  Admiralty,  is 
discharged  for  the  benefit  of  the  shipping  in  the  Downs.  7he  one 
o'clock  current  to  the  Telegraph  Department  of  the  General  Post 
Office  is  distributed  in  various  directions,  and  fires  time-guns  at 
Newcastle,  Sunderland,  Middlesboro',  and  Kendal.  Galvanic  cur- 
rents are  sent  every  hour  to  the  (General  Post  Office,  and  several 
of  their  clocks  report  automatically  their,  condition  to  the  Obser- 
vatory. This  hourly  current  is  sent  to  several  chronometer-makers 
in  London,  and  also  to  the  Great  Westminster  Clock,  for  the 
guidance  of  the  attendant.  This  standard  clock  of  London  also 
reports  its  error  daily  to  Greenwich.  It  is  not  allowed  to  deviate 
more  than  four  seconds  from  Greenwich  time,  and  usually  its  error 
is  less  than  one  second. 

The  system  of  distributing  hourly  time-signals  from  the  Royal 
Observatory  was  commenced  in  the  year  1852,  and  the  adoption 
of  one  uniform  time  is  duly  appreciated.  The  telegraph  now  con- 
nects every  important  town  with  the  metropolis,  and  local  time  has 
given  way  to  the  easily-obtained  Greenwich  time-signal.  Even 
in  Penzance,  the  most  westerly  town  in  the  kingdom,  no  practical 
inconvenience  has  been  found  to  arise  from  the  alteration. 

804.  Bifferenoe  of  terrestrial  lonvttndes. — The  exact  form 
and  dimensions  of  the  earth  have  been  important  subjects  of 
research  by  some  of  our  principal  astronomers,  particularly  by  MM. 
Bessel,  W.  Struve,  and  Airy.  The  great  Russian  arc  of  parallel, 
a  great  geodetical  work  projected  by  Struve,  intended  to  extend 
from  the  Oural  river  in  eastern  Europe  to  the  island  of  V^alencia, 
Ireland,  has  been  one  of  the  most  important  of  these  researches. 

To  obtain  the  measure  of  the  earth  from  an  operation  of  this 
kind,  it  is  necessary  to  refer  the  length  of  the  arc  to  some  lineal 
measure,  as  an  English  yard,  and  also  to  obtain  the  difference  of 
local  times  of  the  two  terminal  stations.    In  England,  the  tri- 
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luigulation  of  the  couDta7  between  Oreenwich  and  the  island  of 
y^encia  has  been  completed  many  years,  as  well  as  the  inter- 
mediate country  between  Greenwich  and  the  Oural  river:  the 
actual  distance  between  the  two  distant  stations,  Valencia  and 
Orsk,  can  therefore  be  ascertained  within  very  small  limits.  For 
the  determination  of  the  diflference  of  longitude  between  two  places, 
many  processes  have  been  employed  (i  20  ^  seq.).  That,  however, 
which  has  been  lately  adopted  is  by  the  transmission  of  galvanic 
signals,  the  local  time  of  each  being  observed  at  the  two  stations, 
in  a  similar  manner  to  that  briefly  described  in  122.  In  deter* 
mining  the  difference  of  longitude  between  Orsk  and  Valencia,  it 
was  found  necessary,  on  account  of  the  great  length  of  the  arc, 
to  subdivide  it  into  sections ;  for  instance,  separate  determinations 
of  longitude  were  made  between  Valencia  and  Greenwich,  Green- 
wich and  Nieuport,  Nieuport  and  Bonn,  and  in  like  manner  between 
the  other  stations.  At  each  place,  temporary  observatories  were 
erected  for  the  convenience  of  tiie  staff  while  observing  the  galvanic 
signals  and  the  necessary  transits  of  stars  for  clock-error. 

As  an  illustration  of  the  extreme  accuracy  with  which  these 
operations  are  performed,  we  need  only  refer  to  two  determinations 
of  the  longitude  of  Valencia,  made  under  the  direction  of  the 
Astronomer  RoyaL  The  first  was  obtained  in  1 844  by  the  re- 
peated transmission  of  a  large  number  of  chronometers,  by  railway 
and  car,  from  Greenwich  to  Valencia.  By  this  means,  the  lon- 
gitude of  thestation  on  the  hillGeokaun  was  found  to  be  41  "'23''23. 
In  the  summer  of  1862,  the  operation  was  repeated,  but  this 
time  by  the  transmission  of  galvanic  signals  through  the  ordinary 
telegraph  wires.  On  this  occasion,  the  observatory  was  stationed 
at  the  village  of  Knightstown,  on  the  eastern  comer  of  the  island. 
The  resulting  longitude  is  41  "p'*  8 1 .  The  two  stations  were  after- 
wards geodetically  connected  by  Capt  A.  R.  Clarke,  R.E.,  the  in- 
terval of  longitude  being  1 3**56,  which  will  make  the  longitude 
of  thestation  on  the  hill  Geokaun  4i"23''37.  This  agreement 
is  very  satisfactory,  and  gives  confidence  to  both  determinations. 

The  success  of  the  submersion  of  the  Atlantic  cable  in  the 
summer  of  1 866,  has  enabled  the  astronomer  to  determine  accu- 
rately the  difference  of  longitude  between  Valencia  and  Hearths 
Content,  Newfoundland.  In  October  and  November,  1 866,  this 
important  work  was  accomplished  under  the  direction  of  Dr.  Gould, 
of  Cambridge,  U.  S.  This  opportunity  was  taken  for  determining 
the  longitude  of  the  station  of  the  Atlantic  telegraph  cable  at 
Foilhommerum  bay.  The  observations  were  made  in  the  usual 
manner  by  transmitting  galvanic  signals  to  and  from  the  two 
stations.  The  difference  of  longitude  between  the  two  ends  of  the 
Atlantic  cable  has  been  found  to  be  2^5 1'°56''5,  and  that  between 
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Greenwich  and  Foilhommerimiy  4i"33'*29.  The  longitude  of 
the  latter  station,  indirectly  deduced  from  the  determinatioii  made 
in  1844,  is  4i"33**24,  and  from  that  in  1862,  4i"33'-38. 

805.  Tlie  Mojml  Obserratoiy  and  tlie  Atlantlo  eable. — It 

is  not  out  of  place  to  record  here  the  intimate  connection  of  the 
astronomical  observers  at  Greenwich  with  the  success  of  the  At- 
lantic submarine  telegraph.  This,  at  first  sight,  appears  strange, 
but  it  is  no  less  true  that  the  results  of  their  nightly  observationa 
were  statedly  forwarded  to  that  active  group  of  individuals  assem- 
bled on  board  the  Great  Extern  steamship.  One  of  the  most  im- 
portant duties  performed  during  the  progress  of  submerging  the 
cable,  was  the  daily  determination,  by  astronomical  observations, 
of  the  exact  position  of  the  ship,  measured  by  the  co-ordinates  of 
latitude  and  longitude.  Now,  to  obtain  the  latter,  the  best  astro- 
nomicnl  observations  would  be  of  little  avail,  unless  true  Greenwich 
mean  solar  time  was  known  on  board.  This,  in  ordinary  cases,  is 
obtained  by  means  of  one  or  more  chronometers,  the  errors  of 
which  are  determined  with  considerable  accuracy  before  leaving 
England,  by  comparison  with  some  normal  clock  kept  to  time  by 
the  observations  of  transits  of  stars  in  a  fixed  observatory.  As 
each  chronometer  has  its  own  peculiar  gaining  or  losing  daily  rate, 
true  Greenwich  time  is  found  from  day  to  day  by  the  application 
of  this  rftt*',  until  an  opportunity  arises  for  a  fresh  comparison  with 
some  observatory  clock.  In  ships  where  several  chronometers  are 
employed,  the  mean  result  is  sufficiently  accurate  for  ordinary  pur- 
poses of  seamanship.  Daring  the  time  of  laying  the  Atlantic  cable, 
however,  it  was  necessary  to  know  the  exact  position  of  the  ship 
with  more  than  ordinary  precision.  Hence  the  knowledge  of  true 
(treenwich  time  became  a  matter  of  necessity.  Arrangements  were 
therefore  made  by  the  Astronomer  Royal  and  the  Telegraph  com- 
panies for  the  transmission  of  daily  signals,  at  frequent  intervals, 
from  the  Royal  Observatory.  In  paragraph  803  we  have  given 
a  brief  and  general  account  of  the  dissemination  of  the  Greenwich 
time-signals  over  Great  Britain.  On  this  occasion,  the  signals 
were  sent  to  Foilhommerum,  Valencia,  through  the  ordinary  tele- 
graphic wire,  and  then  passed  through  the  whole  of  the  cable,  and 
through  the  coils  of  a  delicate  galvanometer  attached  to  the  oppo- 
site end.  On  this  instrument  the  signals  were  observed  almost 
instantaneously  after  leaving  Greenwich.  It  can  thus  be  seen  that 
from  the  time  of  departure  of  the  Great  Eastern  from  the  western 
coast  of  Ireland  to  her  arrival  at  Heart's  Content,  Newfoundland, 
the  authorities  on  board  were  always  in  possession  of  Greenwich 
mean  solar  time,  determined  from  observations  made  on  the  pre- 
ceding evening  with  the  transit-circle  of  the  Royal  Observatory. 
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806.  Oeodetleal  measiiremeiit  of  tlio  Bartli. — ^The  numbers 
contained  in  thti  folio%riu^  table  are  frequently  useful  in  astrono- 
mical investigationa. 


Euth'B  Badlui, 
BqiutarifU,=  1. 

Des™  of  Meridian 

DeSTWof  Panllel 

D     1 

0    0 

I  00000 

36174^-33 

3651S57' 

5  0 

099995 

362775-91 

363*05  19 

10   0 

099990 

361857^86 

359673-91 

15  0 

099978 

362991-74 

35181IJ9 

10  0 

0-99961 

363'73'57 

34319636 

15  0 

0-93941 

363397-93 

331168  10 

30  0 

0*99917 

363658*14 

3(6514-19 

3*  30 

099904 

363799-19 

308191-66 

35  0 

0 99891 

363946-40 

199471-60 

37  30 

0-99877 

364098-36 

190080-18 

4a  0 

0-99863 

36415404 

180135*01 

41  30 

0-99848 

364411-14 

16965419 

45  0 

0-99834 

364571-77 

15865715 

47  1^ 

0-99819 

3647314a 

147164-66 

50  0 

Q'99805 

364889*96 

13519790 

51  30 

099796 

364934'<>fi 

117799-54 

51  3* 

0-99790 

36504610 

111779*41 

55    0 

0-99776 

365198-93 

109931-55 

57  S*' 

0*99763  ^ 

365346*99 

196681-57 

60  0 

0*99750 

36548913 

18305159 

6s  0 

0-99716 

3*57S>'94 

IS47S>-9S 

70  0 

0*99705 

365978-97 

115170-57 

75  0 

0-99688 

366163-30 

94811-70 

So  0 

0*99676 

366199  11 

6361007 

zs    0 

0-99668 

366381-49 

3(933-97 

90  0 

0-99666 

366410-54 

00000 'OO 

In  the  preceding  table,  the  length  of  a  degree  of  an  arc  of  meri- 
dian and  of  parallel  has  been  converted  into  English  feet  from  the 
numbers  published  in  the  Berliner  Jahrbtwh  for  1852;  where  the 
length  is  given  in  toises. 

LL 
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807.  Vew  determinatioii  of  tlie  Ban's  equatorial  li«rl- 
Bontal  parallax. — ^The  uncei'tainty  which  had  been  thrown  od' 
the  received  value  of  the  solar  parallax  (8"* 57 76),  determined  by 
M.  Encke  from  the  transit  of  Venus  in  1769  (546),  principally  on 
account  of  the  great  suspicion  attached  to  the  observations  of  Father 
Hell,  at  Wardhoe,  has  now  been  amply  confirmed  by  later  investi- 
gations. The  attention  of  astronomers  was  first  drawn  to  this  sub- 
ject in  the  year  1 854,  in  a  letter  of  M.  Hansen,  of  Gotha,  addressed 
to  the  Astronomer  Koyal.  M.  Hansen  found,  while  investigating 
the  lunar  theory  in  connection  with  the  formation  of  his  new  tables 
of  the  moon,  that  the  parallactic  equation  exceeded  the  amount 
which  had  hitherto  been  assigned  to  it,  and  consequently  indicated 
a  greater  value  of  the  solar  parallax  than  that  generally  adopted. 
M.  Le  Verrier,  in  his  researches  on  the  motion  of  the  earth  about 
the  sun,  deduced  8'''95  as  a  quantity  necessary  to  satisfy  the 
observations.  He  was  also  unable  to  reconcile  the  observed  places 
of  Venus  and  Mars  with  theory  without  making  a  similar  increase 
in  the  parallax.  Now,  the  accurate  determination  of  the  coefficient 
of  solar  parallax,  and  with  it  the  distance  in  miles  of  the  sun 
from  the  earth,  has  always  been  a  problem  which  astronomers  and 
mathematicians  have  considered  one  of  the  noblest  of  the  science. 
For  upon  this  knowledge  of  the  sun's  distance  depends  every 
measure  in  astronomy  beyond  the  moon  ;  the  distance  and  dimen- 
sions of  the  planetjt ;  and  also  the  distances  of  the  fixed  stars,  or, 
at  least,  of  those  whose  parallaxes  have  been  determined. 

All  our  principal  astrouomers  have  agreed  that  the  observations 
of  the  transit  of  Venus  across  tlie  solar  disk,  are  the  best  means  of 
determining  this  important  problem,  and,  under  ordinary  circum- 
stances, we  might  liave  been  contented  to  wait  for  the  results  of 
the  transit3  of  1874  and  1882,  before  attempting  to  revise  the 
value  found  from  M.  Encke's  researches.  The  advancement  of 
theoretical  astronomy,  however,  has  been  so  great  during  the 
present  century,  chiefly  by  the  use  of  the  lunar  and  planetary 
observations  of  Greenwich,  that  more  than  one  astronomer,  as 
stated  above,  has  been  able  to  announce  decidedly  the  necessity  of 
considerably  increasing  the  hitherto  adopted  value  of  the  sun's 
parallax.  In  1 857*  the  Astronomer  Royal,  who  has  always  taken 
great  interest  in  this  problem,  and  who  bad  already  drawn  up  some 
preliminary  suggestions  for  the  observation  of  the  transit  of  Venus 
in  1874  and  1882,  recommended  a  redetermination  of  the  value 
indirectly  from  observations  on  the  planet  Mars.  The  distance  ol 
Mars  from  the  earth  in  i860  and  1862  was  about  its  nearest 
pomt,  and  this  circumstance  was,  therefore,  particularly  favourable 
for  the  determination  of  its  parallax.  By  concert,  a  series  of 
meridional  zenith  distances  of  Mars  and  neiglibouring  stars  was 
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consequently  bbfierved  at  several  places  in  both  hemispheres,  a 
list  of  comparison  stars  having  been  specially  prepared  by  Dr. 
Winnecke.  These  stars,  with  the  planet,  were  systematically 
observed  at  Greenwich,  Pulkowa,  Washington,  Cape  of  Good 
Hope,  Williamstown  in  Australia,  and  at  Santiago. 

Another  method  proposed  by  the  Astronomer  Royal,  and  con- 
sidered by  him  to  be  superior  to  the  observation  of  nieridional 
zenith  distancee,  was  the  equatorial  observation,  at  any  single 
observatory,  of  the  displacement  of  Mars  in  right  ascension  when 
considerably  east  and  west  of  the  meridian.  Owing  to  unfavour- 
able weather  at  Greenwich,  and  also  on  account  of  the  position 
of  Mars  in  the  heavens,  the  observations  by  this  method  were, 
comparatively  unsuccessfuL 

The  horizontal  solar  parallax  resulting  from  the  meridional 
observations  of  Mars  and  neighbouring  stars,  has  been  determined 
independently  by  Dr.  Winnecke,  of  Pulkowa,*  and  by  Mr.  Stone, 
of  Greenwich  .t  Dr.  Winnecke  employed  the  observations  made 
at  Pulkowa  and  the  Gape  of  Good  Hope,  while  Mr.  Stone  used 
those  made  at  Greenwich,  the  Cape  of  Good  Hope  and  Williams- 
town.  The  following  are  what  we  may  consider  the  modem 
values  from  which  the  newly  adopted  sun*s  horizontal  parallax 
has  been  obtained. 

Hansen  (Moon's  Parallactic  Equation)  .        .  8"'9i6 

Le  Venrier  (Solar  Tables)      ....  8  -950 

Winnecke  (Opposition  of  Mars,  1862^    .       .  8  '964 

Stone  (Opposition  of  Mars,  1862)  •       .       .  8*943 

From  a  combination  of  the  Washington  and  Santiago  observations, 
the  late  Captain  Gilliss  also  obtained  a  value  considerably  in  excess 
6fthatof  Encke.  ■  ' 

A  rediscussion  by  Mr.  Stone  of  the  observations  of  the  transit 
of  Venus  of  1 769,  in  which  he  was  led  to  give  a  new  interpreta- 
tion to  some  of  the  observed  phases,  shows  that  the  solar  parallax 
deduced  by  M.  Encke  from  this  transit  should  be  increased  by  an 
amount  which  would  make  the  value  equal  to  other  modern  deter- 
minations. The  coefficient  of  the  solar  parallax  resulting  from 
Mr.  Stone's  discussion  is  8''*9 1 . 

The  diminution  in  the  sun's  distance  from  the  earth  of  nearly 
four  millions  of  miles,  may,  at  first  sight,  appear  to  some  as  a  flaw 
in  astronomical  science.  Such,  however,  is  not  the  fiict,  if  we 
consider  how  minute  the  correction  is  on  which  the  above  change 
depends.  In  the  words  of  the  Council  of  the  Royal  Astro- 
nomical Society,  we  may  say  that  ^*  this  correction,  amounting  to 

*  Astronnmiiche  Naehrichten^  No.  1409. 

t  Memoirt  of  the  Bo^  Astronomical  Societyy  voL  zzziiL 
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no  more  than  two-fifths  of  a  second  of  aiC;  thus  cnrioosly  bxxKiglit 
to  light  in  the  first  instance  by  small  disturbances  in  the  motion 
of  the  moon  and  planets,  may  reasonably  ini^iie  astronomers  with 
additional  confidence  (if  that  were  needed)  in  the  exactness  of  their 
science,  and  in  the  fixedness  of  the  laws  which  bind  the  cosmos 
together.  And  if,  on  the  other  hand,  a  contrary  misgiring  is 
created  in  other  minds  from  the  fact  that  this  abrupt  alteration  of 
so  important  an  element  as  the  solar  parallax  implies  an  alteratioii 
of  some  four  millions  of  miles  in  the  sun's  reputed  distance  from 
our  earth,  this  misgiving  may  perhaps  be  removed  by  the  con- 
sideration that,  after  all,  thb  improvement  of  our  knowledge 
amounts  to  no  more  than  a  correction  to  an  observed  angle  re- 
presented by  the  apparent  breadth  of  a  human  hair  viewed  at  a 
distance  of  about  1 25  feet'' 

808.  Telesoofiio  aii|^«aranoe  of  tlie  solar  aoriaee. — ^The 

conjectures  occasionally  put  forth  in  elucidation  of  solar  physica^ 
have  caused  great  attention  to  be  given  of  late  years  to  the  appear- 
ance of  the  solar  disk.  First  and  foremost  amongst  the  woikers 
in  this  branch  of  astronomy,  the  name  of  Mr.  CaiTington  cornea  to 
our  mind,  as  the  author  of  a  valuable  series  of  solar  observations 
carried  on  with  the  most  perfect  regularity.  At  page  165  €^  seq, 
of  this  volume^  we  have  briefly  explained  the  generally  received 
theory  of  the  cause  of  solar  spots,  and  have  also  shown  that  their 
number  in  different  years  is  both  variable  and  irregular,  the  solar 
surface  being  sometimes  completely  divested  of  Uiem,  while  at 
other  times  the  spots  are  spread  over  in  certain  parts  in  great  pro- 
fusion. We  have  also  stated  that  they  are  invariably  coniined  to 
two  moderately  broad  zones  parallel  to  the  solar  equator,  the  two 
zones  being  separated  by  a  space  several  degrees  in  breadth. 
Glancing  at  the  numerous  illustrations  in  Mr.  Carrington's  volimiey 
the  reader  is  at  once  struck  with  the  pictorial  confirmation  of  this 
phenomenon  being  generally  confined  to  limited  portions  of  the 
sun's  disk.  Mr.  Carrington  has  investigated  the  possibility  of  the 
varying  number  of  solar  spots  being  connected  with  the  infiuence 
of  the  planet  Jupiter,  whose  changing  distance  might,  in  some 
measure,  determine  their  numbers.  He  has  also  continued  his  ob- 
servations through  a  whole  period  of  the  maidmum  and  minimum 
frequency  of  the  spots,  which  he  discussed  with  the  object  of  dis- 
covering any  laws  to  which  they  may  be  subject  Mr.  De  La  Rue, 
assisted  by  MM.  Stewart  and  Loewy,  has  also  devoted  much  time 
to  the  registration  and  observation  of  solar  spots.  The  following 
are  a  few  of  the  conclusions  to  which  these  observers  have  arrived. 
**  I .  The  umbra  of  a  spot  is  nearer  the  sun's  centre  than  its  pen- 
umbra, or,  in  other  words,  it  is  at  a  lower  level.    2.  Solar  faculas, 
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and  probably  also  the  whole  photosphere,  consist  of  solid  or  liquid 
bodies  of  greater  or  less  magnitude;  either  slowly  sinking  or  sus- 
pended m  (BqtdUbrio  in  a  gaseous  medium.  3.  A  spot  including 
both  umbra  and  penumbra  is  a  phenomenon  which  takes  place 
beneath  the  level  of  the  photosphere."*  By  the  systematic 
scrutiny  of  the  solar  surface,  by  means  of  sun-pictures  taken  by 
the  photoheliograph  and  by  spectroscopic  observation,  our  know- 
ledge of  the  solar  surroundings  is  now  much  increased. 

809.  Vaamytli's  wUlow-leaTes. — That  every  portion  of  the 
aolar  disk  should  be  covered  by  innumerable  bright  particles  of 
definite  form,  of  a  few  seconds  of  space  in  length,  and  a  fraction  of 
a  second  in  breadth,  is  a  revelation  which  the  most  acute  observer 
of  solar  phenomena  had  never  dreamt  of.  We  are  indebted  to 
Mr.  Nasmyth  for  this  important  discovery.  From  his  observations 
we  gather,  that  it  appeared  to  him  that  these  particles  had  no 
definite  or  symmetrical  arrangement  in  the  manner  in  which  they 
were  scattered  over  the  sun ;  on  the  contrary,  they  seemed  to  lie 
across  each  other  in  every  possible  direction.  Mr.  Nasmyth 
observes :  ''These  filaments  appear  well  defined  at  the  edges  of  the 
luminous  surface  when  it  overhangs  the  penumbra,  as  also  in  the 
details  of  the  penumbra  itself,  and  most  especially  are  they  seen 
clearly  defined  in  the  details  of  'the  bridges,'  as  I  term  those 
bright  streaks  which  are  so  frequently  seen  stretching  across  from 
side  to  side  over  the  dark  part  of  the  spot." 

This  remarkable  observation  of  Mr.  Nasmyth  has  been  confirmed 
by  several  of  our  principal  astronomers  who  have  the  command  of 
powerful  instruments.  There  are,  however,  some  observers  of  high 
reputation  who  have  not  yet  been  able  to  detect  these  minute  solar 
particles,  and  who  are  inclined  to  consider  them  to  be  simply  the 
irregularities  which  give  that  granular  appearance  to  the  surface  of 
the  sun,  which  has  been  generally  observed  for  many  years  past, 
even  with  moderately-sized  telescopes.  For  ourselves,  we  have 
seen  these  bright  particles  with  the  great  equatorial  of  the  Royal 
Observatory,  with  a  definition  so  clear,  that  no  doubt  remains 
on  our  mind  of  the  accuracy  of  this  remarkable  discovery  of 
Mr.  Nasmyth. 

From  the  similarity  in  form  of  these  bright  solar  particles  to 
leaves  of  the  willow-tree,  Mr.  Nasmyth  has  distinguished  them  by 
the  name  of  willow-leaves.  Mr.  Stone,  who  has  observed  them 
with  the  Greenwich  great  equatorial,  has  likened  them  to  rice- 
grains.  Diiferent  observers  have  suggested  other  names  as  being 
more  appropriate ;  but  it  is  the  opinion  of  astronomers  in  general, 

•  Researches  on  Solar  Phyiica,  by  Warren  De  La  Rue,  Balfour  Stewart, 
and  Benjamin  Loewy.    First  series. 
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tbat  these  extraordinary  particles  of  the  solar  photosphere  ougkt 
henceforth  to  be  identified  solely  by  the  name  given  by  the  dis- 
coverer ;  a  name  in  reality  sufficiently  accurate,  although  to  some 
eyes  the  form  of  a  willow-leaf  does  not  represent  literally  the 
appearance  of  these  solar  fragments. 

Among  other  observers  who  have  devoted  particular  attention 
to  solar  phenomena,  we  may  mention  the  names  of  the  B«v.  F. 
Howletty  Dr.  Selwyn,  Professor  Phillips,  M.  Chacomac,  and  M. 
Faye,  some  of  whom  hare  deduced  very  interesting  oonclosioiiB ; 
for  instance,  M.  Chacomac  has  published  some  valuable  remailcB 
in  the  Caniptes  Rendm  relative  to  the  variable  luminosity  and 
reflective  power  of  various  portions  of  the  solar  photosphere,  aod 
to  the  successive  envelopes  which  are  supposed  to  enclose  the 
centre  of  our  system. 

8io.  Wew  oliart  of  tbe  Moon. — The  importance  of  an  accu- 
rate delineation  of  the  lunar  surface,  on  a  large  scale,  has  been 
acknowledged  for  some  time,  particularly  as  many  omissions  have 
been  found  in  the  chart  of  Beer  and  Madler.  The  subject  has 
been  a  popular  one.  S(»me  of  Mr.  Nasmyth*s  drawings  and  photo* 
graphs  of  portions  of  the  lunar  surface,  from  models  made  by  him- 
self, are  exceedingly  truthful,  giving  all  the  effect  of  light  and 
shade  in  a  most  marvellous  manner.  Mr.  Birt  has  also  published 
accurate  delineations  on  a  large  scale,  but  Professor  Schmidt  has 
completed  a  map  two  metres  in  diameter,  in  which  the  details  of 
the  lunar  features  are  given  with  a  minuteness  almost  beyond 
conception.  A  specimen  of  this  map  wa^*  exhibited  at  one  of  the 
meetings  of  the  Koyal  Astronomical  Society,  when  it  was  much 
admired  for  the  extreme  delicacy  with  which  all  the  details  are 
delinnated. 

8 1 1 .  Zrrerolar  proper  motion  of  Sirina  and  Vrooyon. — 

Some  very  interesting  papers  on  the  proper  .motion  of  Sirius  and 
Procyon  have  been  communicated  to  the  Koyal  Astronomical 
Society,  by  Messrs.  Auwers,  Main,  SafFord,  and  0.  Struve.  The 
apparent  variability  of  the  proper  motion  of  these  stars  had,  for 
some  time,  attracted  the  attention  of  the  practical  astronomer. 
With  respect  to  Sirius,  M.  Calendrelli,  of  Rome,  asserted  in  1 857, 
that  this  variability  arose  from  errors  in  the  composition  of  the 
Greenwich  catalogues  of  stars,  and  not  from  any  peculiar  modoQ 
of  the  star  itself.  Mr.  Main  has,  however,  clearly  shown  that 
M.  Calendrelli  was  himself  in  error,  and  he  has  also  proved  that 
the  apparent  discordances  in  question  had  not  their  origin  in  any 
enor  of  observation  or  reduction ;  ''  but  that  it  depended  upon  a 
leftl  flactuation,  most  important  and  interesting,  which  will  reDder 
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the  motion  of  this  star  a  serious  subject  for  study  during  the 
remainder  of  the  present  century."  We  are  indebted  to  MM. 
Auwers  and  Safibrd  for  complete  investigations  of  the  supposed 
orbit  of  SiriuSy  on  the  assumption  that  the  irregularities  in  the 
proper  motion  are  produced  by  the  perturbations  of  a  dark  disturb- 
ing body.  Some  excitement  was  therefore  made  by  the  announce- 
ment of  the  discovery  of  a  companion  to  Sirius,  on  the  3i8t  of 
January,  1 862,  by  Mr.  Alvan  Clark,  of  Boston,  U.  S.  The  angular 
position  and  distance  of  the  companion  with  respect  to  Sinus,  as 
observed  by  M.  Otto  Struve,  are  as  follows : — 

Year.  Position.  Distance. 


1863-21 

82-50 

10-15 

1864-21 

76-50 

10-92 

1865-20 

7715 

10-60 

1866*21 

75'»5 

10-93 

The  researches  of  M.  Auwers  on  the  orbital  motion  of  Sinus 
require,  in  three  years,  an  increase  of  the  distance  of  the  disturbing 
body  of  o"'55,  and  a  diminution  of  the  position  angle  of  5^*31. 
These  numbers  agree  so  closely  with  those  deduced  by  M.  Struve 
from  his  micrometrical  measures,  that  it  can  scarcely  be  doubted 
that  the  small  object  discovered  by  Mr.  Alvan  Clark  is  really 
the  cause  of  the  irregularities  in  the  proper  motion  of  Sirius.  The 
magnitude  of  this  companion  is  excessively  minute,  commonly  it  is 
recorded  as  the  ninth  or  tenth,  so  that  only  on  the  most  favourable 
occasions,  and  then  with  first-class  telescopes,  is  there  any  pos- 
sibility of  its  being  seen. 

Mr.  Newcomb,  of  Washington,  has  also  discussed  the  position 
observations  of  the  companion  to  Sirius,  and  has  come  to  the  con- 
clusion that  this  optically  minute  object  is  truly  a  satellite  of  that 
brilliant  star.  There  is  also  strong  evidence  that  the  perturbing 
influence  of  a  faint  companion,  observed  by  0.  Struve  in  1 873  and 
1 874,  is  the  cause  of  the  irregular  proper  motion  of  Procyon. 

812.  2lKoveiiieiit  of  tbe  solar  system  in  spaoe.— On  page 
416,  we  have  given  a  brief  abstract  of  the  investigations  en  this 
subject  by  different  astronomers,  and  we  have  shown  the  remark- 
able agreement  existing  between  the  results,  with  respect  to  the 
position  of  the  apex  of  solar  motion.  From  this  we  might  infer, 
that  its  velocity  and  direction  are  as  accurately  known  as  any  other 
of  the  celestial  movements.  But  this  is  not  the  case,  for  it  must 
be  borne  in  mind  that  many  of  the  proper  motions  by  which  the 
results  are  obtained,  are  not  altogether  certain,  and  that  the  pro- 
blem itself  has  still  some  speculation  mixed  up  with  it.  How- 
ever, this  agreement  between  the  independent  determinations  of 


512  ASTRONOMY. 

different  astronomers,  in  relation  to  the  point  in  the  heayena  to 
which  the  direction  of  solar  motion  is  assigned,  has  been  generally 
accepted  as  sufficient  evidence  for  the  settlement  of  the  position  Of 
this  point  within  a  reasonable  limit.  Most  astronomers  have 
followed  similar  methods  of  investigHtion,  mitil  Mr.  Airy,  in  1 859, 
devised  a  new  plan  of  computation,  from  a  conviction  of  the  in- 
adequacy and  defects  of  the  methods  hitherto  in  use.*  It  is  out 
of  place  here  to  enter  into  any  detailed  account  of  this  new  method 
of  Mr.  Airy,  because  we  could  scarcely  do  so  without  giving  all 
the  mathematical  formulsB.  The  general  principle  of  the  method, 
however,  consists  merely  in  removing  the  primary  geometrical 
notions  from  the  apparent  movements  on  the  surface  of  a  globe  to 
the  real  movements  of  the  bodies  in  space.  This  is  performed  by 
treating  the  linear  movements  of  the  sun  and  of  each  star  by  the 
use  of  rectangular  co-ordinates.  The  advantages  resulting  from  the 
adoption  of  this  method  are :  I .  That  it  is  perfectly  complete  and 
independent,  requiring  no  assumption  of  a  point  determined  by 
preceding  investigations.  2.  It  gives  the  proper  weight  to  each 
observation,  subject  to  the  consideration  as  to  the  general  weight- 
multiplier  to  be  attached  to  any  class  of  stars  defined  by  brilliancy 
or  other  characteristic,  which  may  enable  us  to  judge  of  their 
distance.  Mr.  Airy  first  applied  this  method  to  1 1 3  stars  whose 
proper  motions  are  large,  arranging  them  into  groups  according  to 
magnitude,  in  conformity  with  the  researches  of  W.  Struve,  whoee 
assumed  relative  distances  were  also  adopted.  From  the  most 
probable  of  two  assumptions,  Mr.  Airy  found  the  right  ascension 
of  the  apex  of  solar  motion  to  be  261°  29',  the  north  polar  distance 
65*16',  and  the  velocity  of  solar  motion  1  "'9 1 2.  This  large  velo- 
city depends  principally  on  the  excessive  proper  motions  of  a  few 
of  the  stars.  In  undertaking  this  preliminary  investigation,  Mr. 
Airy  expressed  a  wish  that  it  should  be  considered  only  as  a 
speciTuen  of  the  application  of  a  new  method,  which  he  hoped 
would  be  applied  to  a  larger  number  of  stars. 

The  continuation  of  this  investigation  was  at  once  commenced 
at  the  Hoyal  Observatory,  and  in  1863,  a  second  paper  was  pre- 
pared by  Mr.  Dunkin.  at  the  request  of  the  Astronomer  Royal. t 
On  this  occasion,  the  proper  motions  of  1,167  stars  were  em- 
ployed, 819  of  which  are  situate  in  the  northern,  and  348  in  the 
southern  hemisphere.  As  in  the  former  paper,  the  investigation 
was  made  on  two  hypotheses : — first,  by  supposing  that  the  irregu- 
larities of  proper  motion  are  entirely  due  to  chance-error  of  obser- 
vation ;  and  second,  that  they  are  due  solely  to  a  peculiar  motion 

•  Memoirs  of  the  Royal  AUtxmomical  Society ^  vol.  xxviiL 
t  Ibid.  vol«,xxxii. 
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of  tbe  Stan  themselves.    From  the  first  of  these  hypotheses,  the 
following  results  have  been  obtained : — 

R.  A.  of  soUr  apex  01261^  14' 

K.  p.  D.    „       «   «  57      5  ^ 

Annual  velocity  of  Bolar  motion  bo"*3  346. 

The  results  on  the  second  and  more  probable  hypothesis  are  aa 
follows : — 

R.  A.  of  solar  apex  « 163®  44' 

H.  p.  D.    „       „    »  65      o 

Annaal  velocity  of  solar  motion  »o"'4to3. 

It  will  be  observed,  from  the  preceding  numbers,  that  the  an- 
nual velocity  of  solar  motion,  or  the  angular  displacement  of  the 
sun  as  viewed  from  a  star  of  the  first  magnitude,  difiers  but  slightly 
from  that  determined  from  the  researches  of  M.  Otto  Struve 
(o"*3392).  The  mean  of  the  three  values  gives  o"*36 1 4.  Now, 
if  we  assume  this  to  be  the  probable  amount  of  the  proper  motion 
of  the  solar  system  in  space,  and  that  the  average  parallax  of  a 
star  of  the  first  magnitude  is  o'^'ZOQ,  we  shall  find,  by  comparing 
the  annual  solar  motion  with  the  radius  of  the  earth's  orbit,  that 
it  amounts  to  1729  of  such  units,  or,  in  round  numbers,  158 
millions  of  miles. 

Thus  far  it  will  be  seen  that  the  direction  of  solar  motion  given 
by  these  two  investigations  agrees  generally  with  that  found  by 
former  astronomers,  and  therefore,  prima  /octe,  the  result  may  be 
considered  satisfactory.  If,  then,  these  proper  motions  depend  in  a 
great  measure  on  a  proper  motion  of  the  sun,  we  might  expect  to 
find  that  if  we  take  the  sums  of  thd  squares  of  the  residua  uncor- 
rected for  solar  motion,  and  again  when  corrected,  the  sums  of  the 
latter  would  be  considerably  diminished.  The  following  is  the 
recult  of  this  comparison  : — 

Sum  of  squares  of  Motion  in  Parallel    {^°(^^t^I^!  .'^IjJ 

«         -  /.*r  .1      .  f  Uncorrected « 63 -2668 

SumofsquaresofMoUonmN.p.D.     |     Corrected -6^  9084 

The  small  diminution  ii)  the  corrected  numbers  is  very  curious, 
and  it  shows  that  our  fundamental  suppositions  must  rest,  to  some 
extent,  on  a  slender  basis ;  and  the  results,  notwithstanding  the 
general  agreement  in  the  position  of  the  solar  apex,  warrant  the 
question  whether  we  have  much  ground  to  infer  that  the  proper 
motions  of  the  stars  are  produced  principally  by  the  motion  of  the 
sun  and  its  system  in  space.  It  may  be,  and  probably  such  an 
inference  is  partially  true,  that  these  apparent  motions  in  the  posi- 
tions of  tbe  stars  are  rather  due  to  some  compound  effect,  resulting 
from  causes  some  of  which  have  yet  to  be  discovered.  Again,  we 
may  remark  that  the  grounds  upon  which  we  have  been  working 
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are  uncertain  to  a  considerable  extent,  which  uncertainty  will 
scarcely  be  removed  until  our  knowledge  of  the  distances  of  the 
stars  is  increased,  or  until  the  proper  motions  themselves  are  re- 
determined from  unexceptionable  observations  made  at  both  epochs 
with  the  improved  instruments  of  modem  times. 

Referring  to  the  small  diminution  in  the  sums  of  the  squares  in 
Mr.  Dunkin's  corrected  numbers,  Sir  John  Herschel  observes : 
"  No  one  need  be  surprised  at  this.  If  the  sun  move  in  spac«,  why 
not  also  the  stars  ?  and  if  so,  it  would  be  manifestly  absurd  to  expect 
that  any  movement  could  be  assigned  to  the  siin  by  any  system 
of  calculation  which  should  account  for  more  than  a  very  small 
portion  of  the  totality  of  the  observed  displacements.  But  what 
is  indeed  astonishing  in  the  whole  affair,  is,  that  among  all  this 
chaotic  heap  of  miscellaneous  movement,  among  all  this  drift  of 
cosmical  atoms,  of  the  laws  of  whose  motions  we  know  absolutely 
nothing,  it  should  be  possible  to  place  the  finger  on  one  small 
portion  of  the  sum  total,  to  all  appearance  undistiuguishably  mixed 
up  with  the  rest,  and  to  declare  with  full  assurance  that  this  par- 
ticular portion  of  the  whole  is  dur  *o  the  proper  motion  of  our  own 
system.'*  • 

813.  Observattons  of  tbe  apeotra  of  stars  and  nebulas. — 

Some  very  important  observations  of  the  spectra  of  the  fixed 
stars  and  nebulae  have  been  made  during  the  last  few  years, 
in  this  country,  principally  by  Mr.  Huggins  and  Dr.  W.  A.  Miller. 
A  series  of  observations  has  also  been  made  at  the  Royal  Ob- 
servatory, by  Mr.  Carpenter,  in  which  the  dark  lines  of  the  stellar 
spectra  have  been  micrometrically  measured  in  reference  to  the 
principal  fixed  lines  of  the  solai*  spectrum.f  In  comparing  the  lines 
of  the  stellar  spectra  with  those  of  certain  chemical  elements, 
Mr.  Huggins  and  Dr.  Miller  have  found  several  remarkable  c6- 
.  incidences  occur.  For  example,  in  the  spectrum  of  Aldebaran,  co- 
incidences with  nine  of  the  elementary  bodies  were  observed,  viz. 
sodium,  magnesium,  hydrogen,  calcium,  iron,  bismuth,  tellurium, 
antimony,  and  mercury.  In  Sirius  and  a  Orionis,  five  cases  of 
coincidence  were  found.  These  comparisons  have  been  made  on  a 
number  of  other  stars,  in  some  of  which  corresponding  lines  have 
been  observed,  whereas  in  other  cases  no  lines  coincident  with  those 
of  any  known  chemical  element  have  been  noticed. 

Mr.  Huggins  has  also  analysed  the  light  of  several  nebulae  and 
clusters.  These  objects  give  either  a  continuous  spectrum,  analogous 

•   OutUnti  of  Astronomy^  eighth  edition,  p.  704, 

t  For  an  explanation  of  the  spectroscope  and  of  the  method  of  observing 
Fraanhofer*8  lines  of  the  solar  spectrum,  the  reader  is  referred  to  L4ucdner's 
Handbook  of  NatMrol  Philotopk^.—Optic$,  p.  145. 
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to  tbe  spectra  of  the  sun  and  stars,  or  a  spectrum  consisting  of  one, 
two,  or  three  bright  lines,  indicating  the  gaseous  nature  of  their 
composition.  It  has  been  found  that  when  the  light  of  a  nebula 
is  dispei-sed  by  the  prism,  the  continuous  spectrum  is  very  faint, 
its  light  being  of  all  refrangibilities.  In  consequence  of  this, 
observers  have  not  yet  been  able  to  discover  whether  it  is  crossed 
by  dark  lines  or  not.  Mr.  Huggins'  paper  contains-  a  list  of  six 
of  the  small  planetary  nebulfe,  in  which  the  spectrum  of  three 
bright  lines  is  visible.  The  Dumb-bell  nebula  (733,  Plate  XXX., 
fig,  3),  and  one  in  Lyra  give  a  gaseous  spectrum.  Mr.  Huggins 
observes  that,  ''  since  the  light  from  these  nebulsa  emanates  from 
a  gaseous  source,  we  have  an  explanation  of  the  small  intensity 
of  their  light ;  and,  it  may  be,  also  to  some  extent  of  the  strange 
appearances  which  some  of  them  present,  for  on  account  of  the 
absorption  by  the  portions  of  gas  nearest  to  us  of  the  light  from 
the  gas  behind  them,  there  would  be  presented  to  us  little  more 
than  a  luminous  surface."  The  great  nebula  in  Orion  (736)  also 
belongs  to  this  class  of  gaseous  bodies,  as  shown  by  its  spectrum 
of  three  bright  lines. 

With  respect  to  the  probable  relation  of  the  gaseous  nebulae  to 
the  other  iiebulee  and  clusters,  Mr.  Huggins  considers  that  a  more 
intense  heat  may  be  indicated  by  the  superior  intensity  of  the 
light  of  the  gaseous  nebulsa.  It  is  possible,  therefore,  that  of  all 
the  objects  usually  included  among  the  uebulpe,  those  which  give 
a  gaseous  spectrum  are,  as  a  class,  to  be  considered  as  generating 
more  heat  than  those  giving  a  continuous  spectrum. 

Since  the  celebrated  researches  of  MM.  Kirchhoff  and  Bunsen 
on  the  coincidences  of  the  dark  lines  of  the  solar  spectrum  with 
those  of  certain  chemical  elements,  no  foreign  astronomer  has  , 
devoted  more  consideration  to  spectrum  analysis  than  M.  Secchi  of 
Rome.  From  his  observations,  we  gather  that  the  spectrum  of 
a  llerculis  pi-eseuts  to  the  eye  an  appearance  of  a  series  of  fluted 
columns.  The  striking  contrast  between  the  luminous  and  the 
dark  portions  produces  a  remarkable  stereoscopic  effect.  The 
columns  are  again  resolved  into  finer  lines.  One  line  coincides 
with  Fraunhofer's  line  D  of  the  solar  spectrum ;  two  others,  one 
of  which  is  larger  and  double,  with  the  magnesium  line.  The 
spectrum  of  p  Persei  resembles  that  of  a  Herculis.  M.  Secchi  has 
formed  the  following  cx)nclusions  as  the  result  of  his  investigations 
so  far.  I .  The  type  of  the  white,  or  bluish  stars,  like  Sirius  and 
a  I^yrte,  is  marked  by  a  broad  band  near  the  place  of  the  line  F, 
and  another  at  the  beginning  of  the  violet  end  of  the  spectrum. 
Occasionally  a  third  band,  with  very  fine  lines,  is  yisible  in  the 
spectra  of  the  brightest  stars  of  this  type  near  the  extreme  end  of 
the  violet.    2.  Spectra  with  large  bands,  as  in  a  Ononis,  Antaresy 
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&c.,  and  stars  generally  of  a  red  or  orange  tint;  these  are  often 
confounded  with  the  next  claas.  Aldebaran  comes  between  the  two 
classes.  3.  The  type  of  our  sun,  comprising  Capella,  Arcturus, 
Pollux,  &c.  Their  spectra  is  covered  with  fine  lines,  and  direct 
measurement  has  shown  that  they  occupy  the  place  of  the  prin- 
cipal lines  of  the  solar  spectrum.  An  accessory  type  is  that  of  the 
constellation  Orion,  in  which  all  the  stars  have  very  similar  spectra, 
characterised  by  a  greenish  tint,  and  in  which  the  line  F  is  very 
thin.  M.  Secchi  remarks  that  "  each  type  prevails  in  on^  region 
of  the  heavens ;  the  green  in  Orion,  the  yellow  in  Cetus,  the  blue 
in  the  Pleiades,  Ursa  Major,  Corona  Borealie,  &c.,  while  the  dis- 
tinct type  represented  by  a  Lyree  includes  nearly  half  of  the  stars 
which  I  have  submitted  to  spectrum  analysis." 

The  spectrum  of  y  CassiopeisB,  as  observed  by  M.  Secchi,  exhibits 
an  appearance  very  different  from  that  of  any  other  star  of  a  similar 
colour.  For  example,  in  the  great  majority  of  white  stars,  the 
line  F  is  very  clear  and  broad,  as  in  the  spectra  of  a  Lyrse,  Sirius, 
&C.  Instead,  therefore,  of  this  ordinary  dfirk  line  in  the  spectrum 
of  y  Cassiopeiee,  there  is  in  its  place  a  very  fine  luminous  line 
which  is  considerably  more  brilliant  than  any  other  portion  of  the 
spectrum.  By  the  aid  of  a  micrometer  this  bright  lino  was  found 
to  coincide  exactly  with  the  position  of  the  line  F.  It  is  premature 
to  decide  whether  this  peculiar  spectrum  is  only  a  type  of  many 
others,  or  whether  it  is  an  isolated  example  of  a  star  with  a  physical 
constitution  different  from  that  of  its  neighbours.  Further  obser- 
vations will  probably  settle  this  point  when  the  light  of  most  ot 
the  visible  stars  has  been  systematically  analysed.  At  present, 
however,  it  is  certainly  imique  in  its  character,  excepting  that  the 
luminous  line  makes  this  spectrum  something  analogous  to  that  of 
the  remarkable  variable  star  in  Corona  Borealis,  a  brief  description 
of  which  we  have  given  in  the  next  paragraph  (814).  There  is, 
however,  this  difference  in  the  spectra  of  these  two  stars,  that 
whereas  the  bright  line  in  that  of  y  Cassiopeiro  has  only  been 
satisfactorily  observed  by  one  astronomer,  the  peculiar  spectrum 
of  the  variable  in  Corona  Borealia  has  been  seen  and  the  position 
of  the  bright  lines  measured,  with  respect  to  the  corresponding- 
dark  lines  of  the  solar  spectrum,  by  several  observers  in  different 
countries. 

Mr.  Iluggins  has  discovered  that  there  is  a  change  in  the  re- 
frangibility  of  certain  of  the  absorption  lines  in  the  ppectra  of 
some  of  the  principal  stars  when  compared  with  corresponding 
lines  in  metallic  or  gaseous  spectra;  and  he  accounts  for  the 
change  by  supposing  that  it  is  caused  by  the  approach  or  recession 
of  the  star  in  the  line  of  sight.  This  important  discovery  has 
opened  a  new  field  of  astronomical  research. 
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814.  memarkable  speetrom  of  a  star  la  Oorona  BMrMUto* 

— 'Vhia  extraordinary  object  suddenly  appeared  at  a  atar  of  the 
second  magnitude,  on  the  12th  of  May,  1866,  near  1  CoroD0. 
Several  observers  noticed  it  independently  both  in  Europe  and 
America.  Its  brightness  began  to  diminish  from  the  day  of  dis- 
covery, decreasing  at  the  average  rate  of  half  a  magnitude  per 
day.  By  the  second  week  in  June,  the  star  was  only  of  the  ninth 
magnitude.  It  hss  been  identified  with  an  object  observed  by 
M.  Argelander,  of  Bonn,  and  is  catalogued  as  No.  2765,  zone+26% 
in  his  Bonner  Stemverzeichmas  as  of  the  g\  magnitude. 

Mr.  Huggins  was  the  first  to  observe  the  spectrum  of  this  star. 
He  found  it  of  the  most  remarkable  character,  unlike  that  of  any 
celestial  body  which  he  had  hitherto  examined.  When  viewed 
with  the  spectroscope,  its  light  was  found  to  be  compound,  emana- 
ting from  two  different  sources.  ''Each  light  forms  its  own 
spectrum.  In  the  instrument  these  spectra  appear  superposed. 
The  principal  spectrum  is  analogous  to  the  sun,  and  is  evidently 
formed  by  the  light  of  an  incandescent  solid  or  liquid  photosphere, 
which  has  suffered  absorption  by  the  vapours  of  an  envelope  cooler 
than  itself.  The  second  spectrum  consists  of  a  few  bright  lines, 
which  indicate  that  the  light  by  which  it  is  formed  was  emitted 
by  matter  in  the  state  of  luminous  gas.''  * 

The  double  spectrum  of  this  star  has  been  observed  at  different 
observatories,  confirming  completely  the  observations  of  Mr. 
Huggins.  Many  explanations  or  speculations  have  been  given  as 
to  the  origin  of  this  apparently  sudden  outburst;  but  before  any 
definite  opinion  can  be  settled,  we  must  wait  for  further  observa- 
tions. Possibly  the  star  may  really  be  one  of  the  class  of  variables, 
with  a  regular,  but  xmknown,  period  of  maximum  and  minimum 
brightness.  In  the  autumn  of  1 866,  its  magnitude  had  again  in- 
creased to  between  the  seventh  and  eighth.  From  observations 
made  with  the  Greenwich  transit-cirde,  its  mean  place  in  the 
heavens  for  January  1,  1 866,  is : 

B.  A.  K.  p.  D. 

h    in      B  o     I     H 

15  53  53*8  63  41  529 

815.  Cataloffne  of  Variable  Stars. — The  following  list  of 
variable,  or  periodic,  stars  has  been  compiled  from  the  most  recent 
observations,  more  especially,  however,  from  the  catalogue  pub- 
lished by  Dr.  Schonfeld,  of  Mannheim.f  It  will  be  at  once  seen 
that  the  table  is  more  complete  than  that  contained  in  paragraph 
687.  The  light  ascensions  and  north  polar  distances  are  given 
for  the  epoch  1870. 

•  Froctedingi  of  the  Royal  Society,  vol.  xv.  No.  84 
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816.  The  transit  of  Venas  of  Beoember  8,  1 874. — The  first 
of  the  two  transits  of  Venus  visible  in  this  century  has  been  very 
successfully  observed.  This  is  owinj^^,  in  a  great  measure,  to  the 
well-arranged  choice  of  stations  by  the  astronomers  of  England, 
Russia,  France,  Germany,  Austria,  and  the  United  States  of 
America,  these  b«*ing  the  principal  nations  from  which  the  most 
organised  expeditions  were  sent  out.  In  addition  to  these,  how- 
ever, many  most  important  stations  were  equipped  by  the  astro- 
nomers of  the  Melbourne  and  Sydney  observatories,  and  also  by 
other  local  authorities  in  districts  where  the  transit  was  visible. 
The  British  stations  were  selected  by  the  Astronomer  Royal, 
chiedy  as  being  most  appropriate  for  the  observation  of  the  transit 
by  the  Delisle  method,  namely,  in  Egypt  on  the  Mokattam  Heights 
near  Cairo,  and  at  Thebes ;  the  Sandwich  Islands,  three  stations ; 
at  Burnham,  nenr  Christchurch,  New  Zealand,  and  subsidiary 
stations;  Kerguelen's  Land,  two  stations;  and  Rodrigues.  At 
these  stations  the  observations  were  successful,  except  in  New 
Zealand,  where  the  sky  was  overcast  during  the  transit  at  all  the 
British  stations.  At  Kerguelen's  Land  and  Rodrigues,  Halley's 
method  was  available,  the  whole  duration  of  the  transit  bein^ 
observable  in  these  islands.  The  Russians  had  a  large  number  of 
stations,  nearly  all  situated  within  their  own  territory.  The 
French  observed  in  Japan,  Pekin,  and  at  St.  PauFs  Island  in  the 
Southern  Ocean ;  the  Americans  in  Japan,  Pekin,  New  Zealand, 
Hobart  Town,  Kerguelen  Island,  and  a  few  other  places ;  while 
the  Germans  had  stations  also  in  China,  Japan,  Kerguelen,  the 
Auckland  Islands,  &c. 

For  the  ingress  accelerated,  the  observations  at  the  Sandwich 
Inlands  alone  will  be  available,  while  for  ingress  retarded,  the  best 
comparison  observations  will  probably  be  those  made  at  Kerguelen. 
For  egress  accelerated,  the  observations  made  at  the  Auckland 
Islands  and  in  Australia  will  pair  with  those  stations  where  the 
egress  was  the  most  retarded,  as  in  Egypt  and  India. 

For  Halley's  method,  the  observations  made  at  Tschita,  Nert- 
scbiusk,  and  Wladiwostoek,  in  Eastern  Siberia,  and  also  those 
made  in  Japan,  can  be  combined  with  the  observations  at  the 
southern  stations.  The  best  of  these  is  Kerguelen  Island,  but  the 
durations  of  the  transit  observed  at  Sydney,  Melbourne,  Rodrigues, 
and  Mauritius,  are  all  comparable  with  the  northern  observatioiis, 
although  the  fiEictor  at  the  latter  stations  is  much  smaller  than  at 
Kerguelen.  Sir  George  Airy,  the  Astronomer  lioyal,  has  pub- 
lished a  few  suggestions  as  to  the  best  manner  of  reducing  the 
observations,  but  some  time  must  necessarily  elapse  before  a  final 
international  value  of  the  solar  parallax  can  be  deduced. 
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long  pi;ri<ids,  first  recognised  as  penodSc, 
599:  llalley'ic  researches.  601;  UaDey's, 
602 ;  distnrliiug  action  of  a  planet  on  a, 
explained,  607 ;  effect  of  tlie  pertorbing 
action  of  Jupiter  and  8atnm  on  UalleyX 
between  i68a  and  1758,  60S;  colcola- 
tions  of  its  return  in  183^-6, 609 ;  Foom', 
of  1812,  61  z  :  Olbers*,  of  1815,  6za  ;  De 
Vico's,  of  1846,  613 ;  Brorsen's,  of  1847, 
6t4 :  Wcstphal's,  of  185a,  615  ;  orbits  ot 
great  excentridty,  616;  physical  con- 
stitution of,  617;  appamnc  form,  head 
and  t4iil,  617  ;  uuclcut.  6x8 :  ooma,  610 ; 
moss,  volume,  and  density,  634:  lignt 
of,  625 :  IStnive's  drawing  of  Enc^'s, 
627 ;  remarkable  physical  pbcnoaueoa 
nianifestctd  by  Kalley's,  6a8;  Struve's 
drawings  on  various  days,  639  ft  arf. ; 
Sir  J.  Henjchel's  dedacti(Hw  from  \" 


phenouiena,  619;  observations  and 
dniwings  of  MM.  Maclear  and  Smyth. 
641  fi  S4tf.;  number  of,  65a  ;  durattoQ 
of  tlie  nppcarance  of,  653:  near  ap- 
p.-oaoh  i4»  the  earth,  654:  synop?«is  of 
mot  on  of  elliptic,  791,  796;  diatributioD 
of,  in  space,  797. 

(Complement,  113. 

Concordia.  37a,  785. 

Conic  stfctions.  netlnition  of,  289. 

Conjunction,  273  ;  superior  and  inferior, 
277. 

Corona  Rorcalii*,  extraordinary  star  in, 
814. 

CYatcrs  of  moon,  212. 

CylK'le.  372,  785. 

Cyrene,  372,  785. 

DanaK,  372,  785. 

Daphne,  372.  785. 

D" A rre^t.  <n!»c»»ver}-  of  Frela by,  372 ;  comet 
dlwovere<l  by.  586. 

Dawes.  ohservati<mR  of  Saturn's  ring, 
440  ;  of  wilar  criipse  of  1851.  52a. 

Day,  civil  and  nt-trunomical,  141. 

Declination,  41. 

Degree  on  earth's  surfaci\  lengtli  of,  59, 806. 

De  la  Rue.  physical  observations  of  the* 
solar  surface  by.  808. 

Density,  of  earth,  78 ;  of  moon,  204  ;  of 
sun,  2^7  ;  of  pliUM'ts  generally,  788. 

Descending  node,  293. 

Diameter  of  eartli,  76;  of  moon,  191 ;  of 
wnn,  234  ;  of  plauets  generally,  787. 

Diana,  37a,  785. 

Dike,  372,  785. 

Dione  44*^ ;  its  dLxtancc  and  jKriod,  450. 

IHonc  (minor  planet)  ,372,  7S5, 

Direct  motion,  278,  783. 

Disks  of  sun  and  nuK>n,  oval  form  of,  ex- 
plained, 161. 

'Uteu>xv(X^of  fttm^  145 :  of  moon.  189 :  mean* 
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Diurnal  rotation  of  the  ovrth,'  100 ;  diur< 
nol  inequality  <if  tlie  tides,  328. 

Dorio,  372,  785. 

Double  Htu«,693  ^tteq.;  selected  table  of  ,697. 

Dunkin,  observations  at  Harton  coal-pit, 
81 ;  of  the  solar  eclipse  of  1851,  518 ;  in- 
vestigation of  the  movement  of  the  solar 
system  in  space  by,  711,  813. 

Earth,  rotundity,  form  and  dimensions  of, 
53;  length  of  a  second  of  arc,  on,  60; 
figure  of,  65  ;  ellipticity.  70 ;  linear  di- 
mensicjns,  76  ;  mass  and  density,  78  ;  di- 
urnal rotation,  zoo  ;  Foucault  s  experi- 
ments, Z05;  axis,  109;  equator,  poles, 
and  meridian,  zio  ;  annual  motion,  Z35  ; 
the  dinmal  and  annual  phenomena  ex- 
plained by  the  two  motions  of,  Z39; 
orbit,  Z46;  perihelion  and  aphelion, 
Z49 :  variations  of  temperature,  Z50 ; 
dog-days,  Z5Z ;  distances  of  planets  frum, 
786. 

Echo.  37a,  785. 

Eclipse,  493. 

Kclipse  {tohir),  500;  partial,  501;  total, 
503 :  annular,  504 ;  effects  ot  parallax, 
506 ;  shadow  produced  by  op:\que  globe, 
507  ;  solxr  ecliptic  limits,  51  z  ;  appear- 
ance iittendiiiK  a  total,  5Z2;  Bully's 
beiuK  513  :  total  ecliik«c  01  Z85Z,  5Z6  ; 
ol)8crvHtion.«  of   Astronomer   Iloyal   of, 

517  ;  of  MM.  Dunkin  and  Humphrey's, 

518  ;  of  Mr.  Gray.  5Z9 ;  of  MM.  Ste- 
plicnson  und  Ai.drews.  520;  of  Mr. 
Lassell,  521  ;  of  Mr.  Hind,  522 ;  of  Mr. 
D:iwc>»,  522 ;  effectii  of  total  olwcura- 
tion,  533  :  solar  ecli|we  of  z86o,  observa- 
tion- «»f  M.  Lc  Vi^rrier,  Ctoldschmldt, 
and  Se«'chi  of.  524 ;  evidence  of  a  solar 
atniosi>here,  525  ;  probable  causes  of  red 
emanaiions,  526. 

Eclipse  {lunar).  527;  conditions  of,  528; 
lunar  ecliptic  iiuilts,  529;  total,  530; 
relative  numtxT  of  solar  and  lunar,  531  ; 
effects  of  cartir«  penumbra,  532  ;  effects 
<»t  refraction  of  earth's  atmosphere,  533. 

Eclip«i  (Joriitn  f^jitm),  535;  of  the 
sntolliies.  537  ;  ticcnltations  of  the  satel- 
liteH  by  the  planet,  53.;  ;  transits  of  the 
satellites  over  the  plnnet,  540;  motion 
of  light  discovered,  iiii<l  its  velocity  mea- 
sured, by  means  of  thenj  ecU|>scs,  542. 

Ecliptic,  Z26. 

Egeria,  372,  785. 

Electra,  372.  785. 

EUipdo,  methtMl  of  dencriblng,  Z47;  f<X!i. 
axis,  and  exccntricity,  Z47  ;  niajor  and 
minor  uxe^,  384. 

Ellipticity.  of  earth,  69  et  scq. ;  of  Jupiter, 
402  ;  of  Saturn,  422. 

Kl-Mnrntion.  272. 

Enc<>liuln.s,  449 ;  its  distance  and  period, 
450. 

Eiu-ke,  comnt  of,  572  ;  value  of  solar  paral- 
lax from  hi!?  researches,  807. 

Equator,  e»;le^ti»il.  98  ;  terrestrial,  zzo. 

Eqnati-iul.  43  ;  NorthumlH^rland  at  Cam- 
hridg  ,  50  ;  Gwenwich  great,  5Z. 

E<iuinox,  vernal  and  autuumal,  Z28 ;  pre- 
ecfwion  of,  Z74  ;  eqtiation  of,  Z85. 

Enito,  372,  785. 

Eugenia,  373,  785. 

Eunomia,  373,  785. 

Litphrosyne,  37a,  785. 


I  EuroiHi,  372,  785.  , 

Kurydice,  372.  785 
Enrynonie,  373.  783. 
Euterpe,  373,  785. 

Evening  and  morning  stai*,  2H0,  331. 
Exccntricity  of  orbit,  384.  740,  785. 

Facui..«,  solar,  251. 

Faye,  coiuet  di-ciivcred  by.  583. 

Felicitas,  372.  785. 

Ferguson,  discovery  of  minor  planets  by, 

372- 

Feronia.  373,  785. 

Fides.  372.  785. 

Figure  of  the  earth.  65. 

Firmament,  form  and  motion  of,  83  ;  as- 
I)ect  of.  82 ;  rotation  of.  85  ;  form  and 
dimensions  of  the  mass  ot  stars  which 
compo<!e  tlie  visible.  7Z4 :  galactic  circle 
and  iK>los,  7Z5  ;  milky  way,  7Z8 ;  pro-  • 
bable  form  of  stratnm  of  stars  in  which 
the  sun  is  place<l,  730. 

Flora,  372,  785,  786. 

FocuK  of  ellipse,  Z47  ;  empty.  284. 

Fdrster  and  I,rf>«8cr,  their  joint  dircovery 
of  Erato,  372. 

Fortuna.  372,  785. 

Foucault.  his  demonstration  of  the  rota- 
tion  of  the  earth,  Z05. 

Freia.  372,  785. 

Frigga,  373,  785. 

Galactic  circle  and  poles,  7Z5. 

Gulatca,  372,  785. 

Gidvanic"  time-signals   from    Greenwich, 

803. 
Gasparis,  De,  discovery  of  minor  planets 

I'.v,  37^. 
Ga^wendl,  2Z2. 
Geooontric  motion,  270. 
Geoiletical  measurement  of  the  earth,  73. 

806. 
Gcrda,  372,  785. 
GoldrKjhniidt,  discovery  of  minor  i)lanet^ 

hy,  372  ;  olwervations  of  thesf»liir  ccliise 

of  z86o,  524. 
Crniham,  diiicovery  of  Metis  by,  372. 
Gravitation,  291 ;  solar,  772. 
Gravity  on  earth's  sui^ace,  variation  of, 

74  ;  calculation  of  the  centnd  force  of, 

by  the  velocity  and  curvature  of  a  iKXly, 

773- 

Great  Eastern  steamship,  Greenwidi 
timc-siifnal!>  rwvived  on  lM»ard  ol,  805. 

Greenwich,  transit-circle  at,  47;  altazi- 
muth at,  49  ;  great  equatorial  at,  5Z  ; 
meridian  of,  i  Z2. 

Gyroscope,  Z05. 

IIalley.  rwsearches  on  comets  by,  6oz  ; 
comet  discovered  by,  6oz  ft  tetj. 

Hansen,  lunar  tables  by,  217  ;  solar  paral- 
lax determined  by,  807. 

ITanling,  tli-icovery  of  J  uno  by,  370. 

ITarmonia,  372,  785. 

Harmonic  law,  776. 

Harton  experiment  for  determining  den- 
sity of  the  earth,  8z. 

Hebe,  372,  785. 

Hecate,  372,  785. 

Hecuba,  372,  785. 

Helena,  372,  785. 

Heliocentric  motion,  370. 

HeUometcr,  Oxford,  ^^. 
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Hemisphere,  celestial,  83. 

Ileiickc,  diacovery  cdl!  minor  planets  by, 

Hendcnion,  disooTcry  of  parallax  of  a  Ceu- 
tauri  by,  170. 

Henry,  disoovory  of  minor  planets  by,  37a. 

Hera,  37a,  785. 

Hermione,  ^72,  785. 

Herschel.  Sir  John,  observations  of  moon, 
ai3  ;  ubeervations  and  drawing  of  spvots 
on  sun,  348 ;  hypothesis  to  explain  tho 
golar  Bpots,  258  ;  telc!KX)pic  drawings  of 
Jupiter,  400;  deductions  from  pheno- 
mena of  Hallcy's  comet.  639 ;  astro- 
metor,  668 ;  hi^  astrometric  tHblo  of  190 
Ktars,  675  ;  researches  on  double  stars, 
692 ;  observations  and  drawinj?"  of 
clusters  and  nebulae,  733 ;  remarks  on 
solar  motion,  8ia. 

Herschel,  Sir  William,  telescope,  44 ;  ob- 
servations of  Venus,  339 ;  of  Saturn, 
435  ;  his  discovery  of  Uranus,  458 ;  of 
the  satellites  of  Uranus,  470;  observa- 
tions of  double  Ktars  to  discover  stellar 
parallax,  701 ;  his  discovery  of  binary 
stare,  70a ;  res«earches  on  movement  of 
solar  system  in  space,  711. 

Hertha,  372,  785. 

Hei«pcria,  372,  785. 

Heatia,  372,  785. 

Hind,  dwcovery  of  minor  planets  by,  37a  ; 
observations  of  solar  eclipse  of  1851, 
522  ;  tcu'porary  star  observed  by,  690. 

Horizon,  84. 

Hnggins,  observations  of  the  spectra  of 
i>tar8  and  nebtiloi  by,  813. 

Humphreys,  observations  of  solar  eclipse 
of  1 85 1  "by,  518. 

Hygela,  372.  785. 

Hjpcrion,  discovery  of,  by  W.  C.  Bond 
and  La.tscll,  449. 

Ianthe,  372,  785. 

lapetns,  449 ;  its  distance  and  period,  450. 
Inclination  of  orbit,  292,  743,  785. 
Inferior  planet,  apparent  nioticm  of,  780  ; 

as  projected  on  ecliptic,  781. 
Instrumonta,  astronomical,  21. 
lo,  372,  785. 
Iphlgcnia,  372.  785. 
Irene,  372.  785. 
Iri^,  372,  785. 
Isi:»,  372,  785. 

Johanna,  372,  785. 

Juno,  370,  785,  786. 

Jupiter,  379  ,  Jovian  system,  379  ;  period, 
380;  clbstance,  381:  orbit,  382;  orbital 
\elix.*ity.  383  ;  no  sensible  pha.«e9,  ^84  : 
appeurHnct'in  the  firmament  at  night, 
385  ;  stations  and  retrogression,  386 ; 
apparent  and  real  diameter,  387  ;  re- 
lative splendour  of,  and  Mars,  388  ;  nur- 
foce  and  volume.  389  ;  solar  hKht  and 
heat,  390;  rotation  juid  direction  of 
axis,  301  ;  Jovian  years,  392  ;  Feanons, 
393  ;  telescopic  appearance  of.  394;  Ix.'lt'J, 
396 ;  telescopic  dniwings  of,  401^ ;  oh- 
servations  of  Miviler,  40X  ;  spheroidal 
form,  402  ;  55a tol lite",  403  ;  phases,  404  ; 
donga' ion  of  sMtolUtrs,  405  ;  diKtunoes 
from  Jnpiter.  406 ;  orhilR  of  satellites, 
407 :  npparetit  and  roa\  mav;u\t\\Avft,  1^  •, 
mana    of   Jnp.tcr,    4x1;   Aen»\t\,   ^n" 


maasce  and  dcndties  of  the   mtcIliteB, 
414- 

Ksplbr'8  laws,  779, 

KirchhofTs  solar  researches,  asa. 

KrUgcr,    determination    of   the    parolbuc 

of  fixed  stars,  171 ;  of  the  mass  of  Jupiter, 

411. 

Lacuksib,  37a,  785. 

Leetitla,  372,  785. 

Lagging  of  the  tides,  a  35. 

Lalande,  path  of  Halley's  comet  calcniated 
by,  604. 

Laplace,  determination  of  the  mass  of  Jn- 
piter by,  411. 

Lardner,  astrometer  by,  684. 

Lassell,  observations  of  Satnrn's  ring*, 
437  ;  discovery  of  Hyperion  by,  449 ;  of 
satellites  of  Uranus,  470 ;  of  satellite  of 
Neptune,  489. 

Latitude,  terrestrial,  xix  ;  how  deter- 
mined. 114  :  parallels  of,  123 ;  celestial, 
134  ;  moon's  libration  In,  199  ;  gralactic, 
7»5- 

Laurent,  discovery  of  Nemansa  by,  37a. 

Leda,  37a.  785. 

Lepautc.  Madame,  path  of  Halley's  comet 
calculated  by,  604. 

Lescarbanit,  his  alleged  discovery  of  Vnl- 
can,  309. 

Leto,  372,  7S5. 

Leucothea,  372,  785. 

Level  error  of  transit  instrument,  25,  803. 

Lo  Verrier,  rerearches  on  Neptune,  477 ; 
observations  of  solar  eclipse  of  i86i>,  534  ; 
reappearance  of  Fa>  e's  comet  calcalacetl 
by,  583  ;  his  value  of  solar  parallax,  807. 

Lex'ell.  comet  of,  589. 

liiberatrlx.  372,  785. 

Lihration  of  moon,  in  latitude,  199 ;  in 
longitude,  aoc> :  diunial,  201. 

Liglit,  Holar,  motion  of,  discovered  and  its 
velocity  measured  by  eclipses  of  Ju- 
piter's Hatellites,  S42. 

Limits,  solar  ecliptic,  5x1  ;  lunar  ecliptic, 
529. 

Linear  ■^Ine  of  an  arc,  755. 

Lohrmann,  delineation  of  mocm  by,  aiz. 

Lomia,  372.  785. 

Longitude,  terrestrial,  ixi  ;  method  of 
determining,  lao ;  lunar  method,  xai ; 
by  electric  telegraph,  123  ;  celestial.  134 ; 
mrKin's  libration  in,  a(x> :  of  perihelion, 
286,  746 :  difl'crence  of  terrestrial,  804. 

Longomontanus,  212. 

Lubbock,  Sir  J.,  researches  on  tides  tar, 
226. 

Lucules.  solar,  251. 

Lulmdahl,  researches  on  solar  motion  by, 
711. 

Lumen,  372.  785. 

Lunar  theory,  note  on,  217. 

Lutrtia,  372,  785. 

Luther,  K.,  discovery  of  minor  planets  by. 
372- 

Lydia,  372,  785. 

Maclkau  and  Smyth,  drawings  of  Bailey's 

comet,  641. 
Mtidler.  formation  with  Beer  of  chart  ct 

moon.  2tx ;  observations  of  Ycmna,  340; 

cUagram.-*  of  Venus  341  ;   observauoni 
^     o\  "^\vcc-.  •^'bo*,  tfttesooirfc  drawings  «| 


INDEX. 


J»5 


Jupiter,  400;    his   aflsomption   of   the 
probable  centre  of  solar  motion,  713. 
Magellanic  clouds,  738. 

Mofnoni*.  212. 

Main,  measiires  of  Saturn  bj,  422. 

Ifarfln  MineA  ui,  aqfi ;  poeitiiin  of^  346 ; 
peTli)U.347  ;  <ll»tuut:Qo4E  t  exoontr!i:ity, 
349;  (jrt>it,  330;  dlvldluii  fif  Kyuodlc 
purtod,    jji ;     appomit    motioh.    jja; 

J54 ;  jij}pEiT«nt  and  Aal  djatiieter,  3^5  ^ 
*filitT  lifflit  mid  htat,  356  ;  lutatioiiT  357  ; 
daye  E^iid  iiiifTiti,  35II  j  nnLNina  MUil 
cUinatoV  jj9  ;  {ibflflrratioiife  of  lierr  and 
ifidleTt  36a;  areoffnpljJc  cboracti^r^ 
361 ;  twIaAoplc  Tiew  of^  36^ ;  puUtr 
■W»W»  16]  ^  poMlble  utellitF.  3<Jj, 

Martha  disatvtTy  of  Ainpiatrltf  by,  371. 

Mtucki*il^iiCf  t^ehaliicn  pKjH^ritDeiit  by^  jg. 

Jdh^  of  iMtt\i.  7^  ;  of  tUMn,  304;  of  sim, 
337;  of  Mefctiry,  3*0;  of  Vena*.  335: 
{pf  .Jupiter.  4T1;  of  &Ltum,  456;  of 
TrnktiHA.  473  ;  ut  Nf!ptunc,  490 ;  fom>Litiii 
for  coiDfjutuUon  af,  760  r'^  ttfi- ',  mass  of 
plAiiutH  ircTicraUy,  788. 

3fBHi]ijL,  373.  783. 

ytmti  iro\nT  Uaaes,  140.  14^;  dissemination 
of,  nt  l.^n'(Miwlclii  floj. 

MelttoL  379.  7E5- 

^elitjHlia,  3ja^  785. 

llelpoinoniO!,  .17a,  785. 

llercnr^,  prnod  of^  3(0 ",  distance,  311 ; 
gmttvt'  cL^PiERtiuti,  ^13 ;  orbit.  3x3  ;  ap- 
paniit  )notl<>ri,  ;;i4  ;  JijjfMircnt  diameter, 
3x6;  real  diauic't<?r.  317;  volume.  318: 
mass  and  density,  3x9;  solar  light  and 
heat,  320;  alleged  dijjcovery  of  moun- 
tains, 323. 

Mendiari    ovU^titU^  94;   terrestrial,  no; 

ITerldUjitul  olteerratlrni?.  reduction  of,  802. 
3Jf.-iPoro]it«9,  orbit  of  November  ring  of, 

786  a. 
Mt^tis.  37a,  785. 
ilicrumutor,  11 ;  parallel- wire,  18  ;  double- 

iningc,  30 ;  wires,  28. 
Micrr»«.M)pcs,  use  of,  16,  35. 
Midnight,  14X. 
Milky  way,  718. 
ililU'r  oUi<rvAh4L4  of  spectra  of  stars  by, 

Ukinaii^  449     Its  period  and  distance,  450. 
Sitnorva,  573,  7B5, 
liSrfniii,  ^79t  785. 
^[i(t<;iiig  hUkTv,  C^i, 

'MTI^MTlDSynpH  371,  tSjh, 

AEoHFkj,  lunar,  bej. 

Moon,  ippifarairia!  of,  when  rising  and 
inftiin  g ;  oral  form  of  di* k,  16 1  dlKAricr, 
tfl^ :  linear  taliin  of  t"  OQ  it,  9^  iippd- 
T^nt  and  IV4]  dian>L'r«r.  191  apparont 
aT>'Jr74kt  motirth^  tqz  \  '-rhitH  194  ;  «p»ldf^, 
aijnikT»,  and  ftcriBn*,  prcjgrw-ion  of  ap- 
»kiJi^4  10s ;  hodCE  [q6;  r<>tatlnn,  X97 ; 
)[]cl)iinnLin  of  ait*,  igi;  Ithrotlon  Inlati- 
'hitu  199  io  IriFigtEuJt^,  an? :  pha«f>i,  202 ; 
tybodlc  pt^nnd,  jo^  nii**^  and  dmitltv 
204  :  iiD  air  upon,  h>5  :  [mHJTi]i^*;it,  a^ 
no   li^iiiid   {jn,  307  :     i  -  .  -.Mrf^kr^, 

2X1  ;  dewriptJon  of  surface,  212  ;  sup- 
posed influence  of,  on  weather,  2x5; 
other  supposed  lunar  influences,  3x6; 
remarks   on    lunar  theory,  2x7;  com- 


parison of  lustre  of  full  mo(m  with  sun, 

671  ;  new  map  of,  810. 
Moonlight,  206. 
Mural  circle,  33. 

Nadir,  93. 

Nasmytn,  his  willow-lmves  on  the  sun's 

J^aiitlral  AJmc^hH''.  times  of  eclipees  of 
Jiiplu^r'ti  BntelUt.«  jfiven  in,  541. 

^>ap  tidw,  2  J  J. 

'N'tbuUi.     Pm?  I'tu^rK 

J'^t'bqlHr  ti;poili«''tii,  7^5^ 

NumaiiHi,  372^  785 

Ncmexla^  373,  jS^- 

Npittiine,  iliwovtTy  of,  474  ;  researches  of 
Le  Verrier  arifl  Adam^,  477  ;  it«  actual 
alrimrcry  b^  Galle  ut  Berlin,  479  ;  its 
preilkted  aikd  ^]hrt*trt&i  ]il»icf»  ni  n*«r 
proilmltr,  4^ :  orbit,  jBj  ;  corjitMilKHi 

pluneu,  4S3  :  iK-ntnl,  485    dlAr^nce,  4Sd 
Tvlatlvfi  urbltaoL  anri  fOr  h,  487  ;  appa- 

r<vrn  mi. I  n'.il  jli.KTuTj-r  4Hii  ;  |tatclllt<*. 
489 ;  mass  and  density,  490 ;  apparent 
magnitude  of  the  sun  at,  49X ;  suspected 

Newc^p^Li),  re^itATU^itA  on  the  mutual  rela- 
tlun«  t^^twtjtii  the  orbits  of  the  plane- 
Toldy>  337  fi. 

^f^wtgn,  iL  A.,  hi^  rc^iearches  on  the 
orNtc  of  nit?  Loon  tliri'B,  786  a. 

Nkyjlitl,  dctermJnaEion  uf  the  maas  of 
Jupiter  b;,  4Ti< 

Niobe,  372^  7^5* 

Nodes,  of  miKin^  106  ;  retrogression,  196  ; 
asccndirg  ^or]  descending,  of  planets, 
293 ;  line  of,  744 ;  longitude  of  ascending, 

745. 
Noiu,  141. 
Northumberland  equatorial  at  Cambridge, 

50- 
Nubecdiee,  trajor  and  minor,  738. 
Nucleus  of  a  comet,  6x8. 
Nutation,  184. 
Ny^a,  372,  78s. 

Obrhox,  470. 

Obliquity  of  the  ecliptic,  125. 

Observatory,  Royal.    See  Jioyal  Obterra- 

Oiicuim.iUti'i,  dcrtnod,  547  ;  by  the  moon, 
54^  :  Htiiritudt'  i^uitjrgUrpnd  by,  349;  in- 
dtofltc4  prMcnw  or  EiUciit'it  of  atmo- 
Fpbere.  550;  dJnguldT  vlFdLiUity  of  asttur 
prwjrctei  on  mi>:ii)'a  dl-ik  after  com- 
mt'jicpuient  of,  551:  ^u^^KeAi^td  ivppllca- 
tloiL  flf  Ulnar  uccaltiition*  to  rcwivc 
<!n[itilF£tur:^3^3;  b^r  J^ntyrn'ii  ring».  551* 

Oli*^  JlwoTtrj  of  minor  ]ji)iinet*  by,  360, 
371^  h\p<>tt»eFi4  fjf  n  fnuitiirLKl  plaurt, 
369;  di^co*e^>-  ora[?>met  by,  613. 

OlyniplD,  or  Wpls,  37^*  yS$. 

Oplw^ptt^tin,  37^  ;  dUtatiCq  of  planet*  from 
»anb  at,  7^ 

Orbllal  Tilooiileft.  formula?  for  cotiiputa- 
tlon,  770  ;  of  planets  ^Hk'ralJyF  789, 

Orfoti,  thu  gn^t  neUnla  lu.  736,  ^13- 

Oxford,  tielionittcT  lit,  ^6. 

Pales,  372,  7 

Palisa,  discovery  of  minor  planets  by,  37*^ 

PaUss.  368.  785,  786. 

Pandora,  ^-j*,  1)4^. 
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Panopea.  37a,  785. 

Parallax,  162  ;  itiumnl,  163 ;  horizontal, 
164 ;  annual,  165  ;  of  ^tan,  168  ;  of  atars 
approxiiu'itely  ascertained,  171 ;  effects 
of,  in  c«lip(M«,  506:  new  dctenuinutiun 
of  the  8uu'i4  equatorial  horizontal,  807. 

Parthenope,  372,  785. 

Partial  e(?li|Mc  of  kuii,  501. 

Paotorff,  ob:«crvatioa8  and  drawingR  of 
spotH  on  sun,  246,  247. 

Peitho,  372,  785. 

Pendulum  exiicriments  at  Harton,  81. 

Penumbra,  532. 

Perigee,  195. 

Perihelion,  283 ;  place  or,  286 ;  longitude 
of,  746. 

PerioJ,  268 ;  i^ynodlc,  276 ;  sidereal,  of 
planets  generally,  785- 

Periodic  stars,  table  of,  687,  815. 

Perrotin,  discovery  of  Tolosa  by,  372. 

Pcmeus,  remarkable  star  in,  686. 

Peter*.  C.  A.  P.,  determination  of  the 
parallax  of  flxed  dtars,  171 ;  comet  dis- 
covered by,  598. 

Petcnj,  C.  H.  F.,  minor  planets  discovered 
hy,  372. 

Phases:,  of  moon,  202 ;  of  a  planet,  282 ;  of 
Venus,  341 ;  of  Mari*,  354. 

Phocca,  372,  785. 

Pinzzi,  duM."0vcrv  of  Ceres  by,  367. 

Pigott,  comet  discovered  by,  597. 

I'l.ineUiry  data,  739. 

Planetoids,  or  nimor  planets,  366 ;  dis- 
i-overy  of  CervH,  367 ;  of  Putliis,  368  : 
Olberij'  hypotiicRis  of  a  fractnnjd  planet, 
369  ;  discovery  of  J  uno.  370  ;  t)f  Vesta, 
371 ;  of  the  other  minor  planoU.  372  ; 
decrease  in  bnghtnc^8  of  Hiiccpfisive 
groups  of,  373  ;  duplicate  discoveries, 
374  ;  arrnngcment  for  coutinuous  ob- 
servatirm  of,  375  ;  zral  <»f  diwoverers  of, 
376  :  mntuai  relations  between  the 
orbits  of,  377  a  :  force  «.f  gravity  on,  378. 

Pliinets,  primarv  and  hocon«lary,  264 ; 
planetary  rndtlonf,  266 :  inferit)r  and 
snperior,  267  ;  periods,  268  ;  synotlic  mo- 
tion, 269 ;  gc<»centric  and  lieliiKXMitrlc 
motions,  370  ;  elongation,  272  ;  conjunc- 
tion, 273  ;  oppoMtion,  274  ;  qnadratun^, 
275;  8.\no<Hc  i)erioil,  276;  inferior  and 
superior  conjui-ctlon,  377  :  direct  and 
retrograde  motiun.  ^78  ;  visible  in  ab- 
sence of  sun,  279  :  Uiorning  and  evening 
star,  280  :  appt^arance  of  su|>erior,  at 
various  eloneutions,  281 ;  phases,  282 ; 
perihelion,  aphelion,  mean  distance,  283  ; 
major  and  minor  axes  and  excentncity, 
284 :  afisides,  anomaly,  385  ;  place  of 
perihelion,  286:  inclination  of  orbiU, 
nodes,  292  :  zodiac,  294  ;  to  di  termine 
real  diameters  and  volumes,  295  ;  to 
determine  masses,  296  ;  of  Mars,  398  ;  of 
Venus  and  Mercury,  299;  of  the  moon, 
300  ;  classlflcotion  in  gnmps,  306. 

Pogson,  discovery  of  minor  planets  by, 

^372. 

Polntf-rs,  680. 

Points,  cardinal,  93  ;  cquinoxial,  127. 

Polana.  372. 

Polar  distance,  41. 

Pole-star,  86. 

Poijfa.tmuio,  372,  78s. 

PofDOiiA.  372,  785. 

IVuis,  comet  disooYcrad  by^  596, 6ii. 


Precession  of  the  eqninoxes,  174. 

Prime- vertical  instrument,  48 ;  prime  ver- 
tical, 94. 

Priming  of  the  tides,  225. 

Procyon.  companion  of,  811. 

Proper  motion,  of  stars,  708  ;  of  sun,  709 
etteq.,  8z2. 

Proserpine,  372,  785. 

r8>che,  372,  785. 

Pulkowa,  prime- veitical  instrument  at, 
48. 

P\  ramids,  remarkable  circumstance  con- 
nected Hith,  183. 

QUAliRATURS,  275. 

RADiAnxo  streaks  on  moon's  surface,  212. 

Rate  of  astronomical  clock,  22. 

Rays,  solar,  259. 

Iloducti<m  of  tfieridional  observations,  802. 

Reflector,  by  Sir  W.  Herschel,  44 ;  by- 
Lord  Ross>e.  45. 

Refraction,  atniocpher  c.  152  ;  lawo',  153  ; 
qnamity  of,  154;  notice  of  tables  of. 
155  ;  effect  on  objects  rising  and  st-tting, 
157;  effect  of  barometer  on,  158;  of 
thermometer.  159 :  oval  form  of  disks  of 
sun  and  moon  .t^xptaincd  by,  161  ;  effect 
of,  in  total  ecliijfie-',  533. 

Reich,  observation  of  Cavendish's  ex  peri - 
mciit  by,  80 ;  of  Uie  descent  of  a  bcnly  to 
the  earth  by,  104. 

Retrograde  niotion,  278,  783. 

Rhea,  449 ;  its  distance  and  perl<x),  450. 

Right  ai<cension,  31. 

Rings  of  Saturn.  429. 

Roenier.  obeervatiou  of  Jupiter's  satellit«3 
h>,  543. 

Ro»^e,  ijorl  of,  telescopes  of,  45  ;  observa- 
tions of  moon,  214;  of  chW't'rs  nn«l 
nebulte,  733  ti  req. 

Rotation,  of  planets  generally,  788.  Soo 
the  Separate  Planeta. 

Royal  Observatory,  transit  circle  at,  47  ; 
altazimuth  at,  ^9  ;  great  equatorial  at. 
51  :  chronograph  at,  801 ;  dissemination 
of  mean  time  from,  803  :  timc-Mgiml-. 
>-eit  through  Atlantic  cable  frt)ni,  805 

Russell,  chart  of  moon  by,  211. 

SAFFonn.  identification  of  Feronia  by.  37a  : 
nsearches  on  orbits  of  Sirius  and  Pro- 
cyon by,  811. 

Santini,  tlelcrmlnation  of  the  mass  of  Ju. 
piter  by,  411. 

Sappho,  373,  785. 

S«tellito<,  to  oetermine  ma<«ses  of.  305. 
.^ee  Kaith,  J ti piter,  Saturn,  I'rauujt, 
S»-ptune,  Planftf. 

Saturn,  415  ;  Satamiansyst'-m.iT^.;  period, 
416  ;  distance,  417  ;  orbit,  418  ;  orbital 
motion,  419  ;  no  phases,  420  ;  stations 
and  retn»gre«sions,  421  ;  apparent  and 
real  diameter.  422 :  relative  magnitude  of, 
and  earth,  423  ;  diuraal  rotation,  424 ; 
inclination  of  axis  to  orbit.  435 ;  days 
and  nights,  year,  426 ;  belts  and  atmo. 
sphtre,  427  ;  solar  light  arid  heat,  428 : 
rings,  439  ;  position  ot  nodei*  of  ring  and 
inclination  to  ecliptic.  430 :  apparent  and 
real  dimensions  of  rings.  431 ;  thickiuMH 
of  rings,  432  :  Fchmiot  s'  observations 
tt.\\d  drawings  of.  434  ;  Herschers  ohser- 
^      N«\\ow%^  ^•i'^\  vawarKsi.  uml  ipiidty  of 
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rings,  436 ;  ring  probably  triple,  observa- 
tions of  Lasacll  and  Dawes,  437  ;  re- 
searches of  Besael,  4^8 ;  obscure  rinf;, 
439 ;  drawing  of,  and  nnffs,  in  1853,  440  ; 
mass  of  rinfirs,  441 ;  stability  of  riittrs,  443 : 
rotation  of  rin^,  444;  ezcentricity  of 
rings,  445  ;  Mtellites,  447  ;  their  dis- 
covery, 449 ;  tbeir  distances  and  period^. 
450  ;  eloDgations  and  relative  distancc.«i. 
451 ;  phases  and  appearances  of  fatcllitoo, 
45a ;  magnitudes,  453 ;  rotation  on  tbeir 
Ax^i  455  ;  niass  of  fcSatum,  456 ;  density, 

Sch«?hall)cn,  its  attraction  measured,  79. 

Rchiaparelli,  discovery  of  Hej»perin  by,  372. 

8chmidt,  observations  and  drawings  uf 
Saturn  by,  434. 

Sciirbtcr,  olw-ervations  of  Venus  by,  339. 

Schubert,  identification  of  Melete  by.  372. 

S<:h\vai)4%  observations  of  spots  on  ►uii  by, 
250. 

P«»rle,  discovery  of  Pandora  by,  372. 

Seasons,  139. 

Secchi,  otto^ervations  of  tho  polnr  eclipse  of 
i860  by,  524  :  of  si)ectra  of  etara  by,  813. 

Sc'-ond  on  earth's  surface,  length  of,  60. 

S^nicle,  372.  785. 

Sidereal  clock  indicates  right  ascension,  32. 

Sidereal  time,  90,  142. 

Sidereal  year,  176;  of  planets  generally, 
785- 

SiRhta.  use  of,  lo. 

Sirins,  rompaiiion  star  of,  811. 

Sirona,  372,  785. 

Siwa,  372.  785. 

Smyth  and  Madcar,  drawings  of  Halley's 
comot  by.  641. 

Solar  e<UpRe8,  500. 

Solar  gravitation.  772. 

Solar  heat  and  light,  788.  See  Plantta, 
Sun. 

Solar  motion,  dirtvtion  of,  711,  812:  ve- 
locity of,  7x2,  812  ;  probaolo  centre  of, 
713. 

Solnr  parallax,  Enclce's  value,  546,  807; 
new  dot<>rmination  of,  807. 

Solar  sy«?t<'Tn,  261 ;  difllcnlties  presented 
by,  262 ;  arrangement  of  iKxlies  com- 
poKing  the.  263  ;  planets,  264 ;  dassifica- 
tion  of  planet**,  306. 

Solstice,  130. 

Sophrc«yne.  372,  785. 

Sj)octra  of  stars  and  nebulae,  813,  814. 

Sphere,  celestial,  motion  of,  99. 

Spheroidal  form  of  earth,  69. 

Spc>t!<  on  the  aim,  239 ;  cause  of,  240 ;  may 
not  be  black,  242 ;  variable  in  number, 
243 ;  prevail  generally  in  two  parallel 
zones,  244 ;  ob^?e^vation8  of  Capocd,  245  ; 
of  PastorflF.  246,  247  ;  of  Sir  J.  Herschd, 
248 ;  of  Schwabe,  250. 

Sprinjc  tides.  223. 

Star,  pole,  86 ;  morniner  and  evening,  280, 
331 ;  singnhir  visibility  of,  after  com- 
mencementofoccultation,55i ;  suggest c<I 
application  of  lunar  occuliations  to  re- 
solve double  stars.  552. 

Stars  (fi.viHl),  absence  of  sensible  parallax 
of.  168  ;  Henderson's  d.'scovery  of  paral- 
lax of  a  Centauri,  170;  parallax  of  a  few 
stars  ascertained,  171 ;  orders  of  maimi- 
tnde,  657  ;  absence  of  disk  proved,  663 ; 
meaning  of  the  tei  m  magnitude  as  ap- 
plied to,  664 ;  classification  by  magni- 


tades  arbitrary,  666 ;  Herachera  astaro- 
meter,  668;  comparative  lostre  of  a 
Centauri,  with  full  moon,  670 ;  compa- 
rison of  the  intrinsic  splendour  of  sun 
and  fixed  star,  673 :  Lardner'sastromcter, 
674 ;  astrometric  table  of  190  principal, 
675 ;  use  of  telescope  in  stellar  observa- 
tions, 676;  telescopic  stars,  678:  stellar 
nomenclature,  679 ;  use  of  pointers,  680; 
of  litar  maps,  68z :  of  celestial  globe,  683 ; 
proper  motion  of,  708 ;  effect  of  snn'K 
supposed  motion  on  apparent  places  of, 
710 :  morion  of  sun  inferred  from  proper 
motion  of,  711. 
Stars  (p<>riodic,  temporary,  and  multiplf), 
6S4 ;  variable,  685 ;  tables  of  periodic, 
687,  815  ;  temiMirury.  689;  missinir,  691 ; 
double,  693 ;  i-esearches  of  Sir  W.  and 
Sir  J.  Hi-r  chel,  69a;  Struve*s  classifi- 
cation of  double,  696 ;  selection  of  double, 
697 :  coloured  double,  698 ;  triple  and 
multiple,  699  ;  attempts  to  discover  the 
parallax  by  double  stars,  700 ;  observa- 
tions of  Sir  W.  Uerschel,  701 ;  exten- 
sion of  law  of  gravitation  to,  703 ;  orbit 
of  star  around  star,  704;  remarkable 
case  of  y  Virginfs,  705 ;  magnitudes  of 
stellar  orbits,  707. 
Stellar   clusters   and   ncbaUB,   731.     See 

Cluster*, 
Stellar  nomenclature,  679. 
Stellar  universe,  2. 
St^phan,  discovery  of  Julia  by,  372. 
Stone,  rcmuiks  on  the  solar  corona  by, 
535 ;  researches  on  solar  parallax  by,  807. 
Stmve,  O.,  reaearchofl   on  movement   of 
solar  system  in  space,  711 ;  observations 
of  companion  of  Sirins,  811. 
Struve,  W.,  research  on  parallax  of  fixed 
stars,  171 ;  dimensions  of  rings  of  Saturn, 
471  :  drawing  of  Encke's  comet,  627  ;  of 
lialleys  comet,  629  ^^  *eq. ;  classification 
of  double  stars  by,  696. 
Sun,    distance,   145 :    oval   form  of   disk 
near  rising  and  setting,  161 ;  effect  of  at- 
traction on  tides,  223 ;  apparent  and  real 
magnitude,  234;    surface  and    volume, 
236 :  nifuffl  and  density,  237 :  form  and 
rotation,  238 ;  spots,  239 ;  atmospheres, 
241  ;  oliflcrvations  by  Capocd,  245  ;  by 
Pastorff,  246,  247  ;  by  Sir  J.  Uerschel, 
248 ;     by    Schwabe,    250 :    Kirchhoff's 
researches,  252 ;    prominences  seen    in 
daylight,    255 ;    solar   envelopes,    256 ; 
violent  solar  outbursts,  257  ;   rays  calo- 
rific, 259 ;  probable  cause  of  solar  hea*, 
360;  distance  determined  by  transit  of 
•Venus,  546;    comparison  of    lustre  of, 
with  full  moon.  671 :  of  light  with  a 
Centauri,  672  ;  of  intrinsic  splendonr  of, 
and  fixed  star,  673  ;  not  a  fixed  centre, 
709  :  effect  of  snppo<^l  motion  on  places 
of  the  stars,  710 ;  velocity  of  solar  mo- 
tion, 713 ;  proimblc  centre  of  solar  mo- 
1      tion,  7x3 ;  Nasmyth's  willow-leaves  on, 

809. 
I  Superficial  gravity,  769. 
I  Superior  planet,  apparent  motion  of,  782 ; 
as  projected  on  the  ecliptic,  784. 
Surface,  formula  for  computation  of,  759 ; 

of  planets  generally,  787. 
Sylvia,  372,  785. 
Synodic  motion,  269  \  \««^sA»  "*T^«  »^ 


Szi 


INDEX. 


of  the  plnnetaiy  syKtem,  785 ;  for  Mer- 
cury, Venus,  the  Earth,  and  Mars,  for 
Intervals  of  ao,ooo  year«,  785  a. 

Tail  of  comets,  623. 

Telegniphic  time-signals,  803 ;  through 
Atlantic  cable,  805. 

TeloBCope,  96,  11;  n^je  of,  in  stellar  ob- 
servations, 676. 

Temp(;l,  discovery  of  minor  planets  by,  372. 

Temjwrary  stars,  seen  by  Hipparchus, 
689 ;  by  Tycho  Brahe,  689 ;  by  Mr.  Hind, 
690. 

Terpsichore,  371,  785. 

Terrestrial  equator,  poles,  and  meridians, 
no. 

Terrestrial  longitudes,  observed  difference 
of.  804. 

Tcthys,  449  ;  its  distance  and  period,  450. 

Thalia,  372,  785. 

Themis,  372 ;  mass  of  Jupiter  from  ob- 
servations of,  411  ;  elements  of  orbit, 
&c.  785. 

Tliermometer.  effect  of  reading  of,  on  re- 
fraction, 159. 

Thetis,  372,  785. 

Thisbe,  372,  785. 

Thyra,  372.  785. 

Tides,  218;  lunar  influence,  219;  sun's  at- 
tra<'tion,  222 ;  spring  and  neap,  223 ; 
priminsr  and  laflrtring,  225  ;  researches  of 
Whcwell  tmd  Lubbock,  826;  diurnal  in 
eq-ality,  228  ;  local  effects  of  land,  229 : 
velocity  of  tidal  wave,  230  ;  range,  23  x ; 
effect  of  atmosphi're,  232. 

Tietjen,  dl'scovery  of  Semele  by,  372. 

Time,  sidereal,  90,  142  ;  mean  ;iolar,  or 
civil,  140. 144  ;  apparent  solar,  144 ;  equa- 
tion of,  l^. 

Titan,  449  ;  ita  distimce  and  perio«l,  450. 

Titania,  470. 

Tolosa,  372.  785. 

Total  eclipse,  of  sun,  503  ;  of  moon,  528. 

Trade  winds,  233. 

Transit-circle.  Greenwich,  47. 

'I'mnsit  instrnmetit,  23. 

Transit  oh«ervatioii,  method  of  making  a, 
28  ;  reduction  of,  802. 

Transit,  of  .Jupiter's  satellites,  5^5  ;  of  the 
iMf<?rior  planeu<,  544  ;  conditions,  544  ; 
interval*,  545  :  s'ni's distance  deternuned 
l)y.  of  Venus,  546.     Sec  ICclipsi'. 

Tropical  or  equinoxial  year,  176. 

Trojiio,  133. 

Inttle.  disc<ivery  of  minor  planets  by,  372. 

Twilight,  x6o,  344. 

T.vclit..  212. 

Tvcho  Brahe,  temporary  star  observed  by, 
*639. 

T'mmi:iix,  470. 

TiMlina,  372,  785. 

Urania,  373,  785. 

Uranuv,  discovery  of,  458  ;  period,  459;  be- 
lioci'Mtric  motion,  461  ;  distance,  462  ; 
orbit,  463  :  orbital  motion.  464  ;  apparent 
and  real  diamc-ter,  465  ;  surface  and  vo- 


Inme,  466  ;  dinmal  rotation  and  phyel- 
cal  character  of  surface,  467  ;  solar  lifrht 
and  heat,  468  ;  suspected  rings,  469 ;  sa- 
tellites, 470  ;  inclination  of  their  orbits, 
471  ;  their  motion  and  phases,  47a ; 
mass  and  density  of  Uranus,  473  ;  un- 
explained disturbances  of  motion,  475 ; 
remarkable  anticipation  of  the  discovery 
of,  605. 

Vala,  ^72,  785. 

Valencia  island,  determination  of  longi- 
tude of,  804. 

Variable  stars  685  ;  catalogue  of,  815. 

Velleda,  372,  785. 

Velocity,  orbiUU,  formula  for  computation 
of,  770 ;  of  phuicts  gcuenUly,  789. 

Venus,  mass  of,  299 ;  period,  324 ;  dis- 
tance, 325  ;  orbit,  327  ;  apparent  motion, 
328  ;  stations  and  retrogression,  339 ; 
morning  and  evening  star.  331 ;  apparent 
diameter,  33a ;  real  diameter,  334  ;  nuMs 
and  density,  335 ;  superficial  gravity, 
336  ;  solar  light  and  heat,  337  ;  rotation, 
probable  mountains,  338;  observations 
of  Cassini,  Herschel,  and  SchrOter, 
239 ;  of  Beer  and  Miidler,  340 ;  of  De 
vico,  342:  axis  of  rotation.  343;  twilight. 
344;  form,  suspected  satellite,  345;  transit 
of,  Diccmber  8,  1874,  816. 

Vernier,  15. 

Vertical  circles,  93. 

Vertical,  prime,  94. 

Vesta,  371,  785,  786. 

Vibilia,  372. 

Vico,  De,  observations  of  Venus  by,  342  ; 
comets  discovered  by,  584,  613. 

Victoria,  372.  785. 

Virginia,  372.  785. 

Virginis,  orbit  of  y,  705. 

Volume,  of  moon,  204 ;  of  son,  336  ; 
method  of  determining,  295 ;  of  Mer- 
cury, 318;  of  Jupiter,  389;  of  Saturn, 
423  ;  or  Uranus,  466  ;  formula  for  com- 
putation of,  759 ;  of  earth,  764 ;  of 
pl.»ncts  generally,  787. 

Vulcan,  allc^rcd  discovery  of,  309. 

W  A  rsoN,  discovery  of  minor  planets  by,  37a. 
Weather,  supposed  influence  of  moon  on, 

215. 
Westphal,  comet  discovered  by,  615. 
Whowell,  researches  on  tides  by,  2a6. 
Willow-laives  on  sun's  surface,  discovered 

by  Nasmyth,  809. 
Win<ls,  tr»ide,  233.        4 
WiiuiK^ke,  com»*t  discovered  hy,  586  ;  re- 

•lejirchcs  on  solar  parallax,  807. 
Witte,  Miidame,  model  of  moon  by,  211. 
Wollaston,  comparison  of  the  lustre  of  the 

moon  and  sun,  671. 

Ykau,  equinoxial  or  tropical,  176 ;  side- 
real, ih. 

Zfmtii,  84,  93  ;  distance,  38,  07. 
Zodiac,  131,  294  ;  signs  of,  13a. 
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THB  PBIZS  XEBAL,  nTTSBHATIOVAL  SZHIBITIOV,  1868, 

WIS  awarded  to  the  Publifhen  of 

"WealeU  Seriee." 

A  NEW  LIST 

OF 

WEALE'S 
RUDIMENTARY  SCIENTIFIC,  EOUOATIONAL, 
AND  CLASSICAL  SERIES.     * 

Theie  popular  and  cheap  Series  of  Books^  now  comprising  nearly  Three  Hundred 
distinct  works  in  almost  every  department  of  Science^  Arty  and  Educatufiy  are  re- 
commended  to  the  notice  of  Engineers,  A'chitects,  Builders^  Artisans,  and  Students 
general. y^  as  well  as  to  those  interested  in  H' or  A' men  n  Libraries,  Eire  Libtaries 
Literary'  and  Sdenti/ir  Institufyms,  Colletrrs.  Schools,  Science  Cla^srs,  &v.,  &y. 


A\B.~-/n  ordering  from  this  List  it  is  recommended ^  as  a  means  of  facilitating 
business  and  obviating  error,  to  quote  the  numbers  affixed  to  the  volumes,  as  well  as 
the  tit  Us  and  prices. 

*«*  The  books  are  bound  in  limp  cloth,  unless  otherwise  stated. 


RUDIMENTARY    SCIENTIFIC    SERIES. 

ARCHITECTURE,  BUILDING,  ETC. 

No. 

16.  ARCHITECTURE— ORDERS— The  Orders  and  their  Esthetic 

Principles.     Bv  W.  H.  Lhi'DS.     illustrated,     is.  6d. 

17.  ARCHITECTURE— STYLES— Tht  History  and  Description  of 

the  Style's  of  Architcctere  of  Various  Countries,  from  the  Earliest   to  the 
Present  Period.     By  T.  Talbot  Bury,  F.R.I.B.A.,  «tc.    Illustrated,    as. 
%*  ORD^Rs  AND  Styles  op  ARCM1T^CII;RK,  in  One  lot.,  jj.  td. 

18.  ARCHITECTURE— DESIGN— T\i^   Principles    of   Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  Garbbtt,  Anhittxt.  Illusirated.  as. 
V*  The  three  preceding   Works,  in  One   handsome   Vol.,  half   bound,    entitled 
"  MODKRN  Architectuke ,"  Price  6j. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.    General  Principles 

of  Construction,  Materials  used  in  Buildinr,  Strength  and  Use  of  Materials, 
Wcirking  Drawings,  Specifications,  and  Estimates.  iJSy  Edward  Dobson, 
M.K.I.B.A.,  See.    Illustrated,     zs.  6d. 

23.  BRICKS  AND  TILES,  Rudimefltary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  Edw. 
UoB>ON.M.R.I.B.A.  With  Additions  by  C.ToiiLiNSO.N,F.R.S.  Illustrated,  js. 

25.  MASONRY  AND  STONECUTTING,  Rudime^|ary  Treatise 
on  ;  in  which  the  Principles  of  Masonic  Projection  and  their  application  to 
the  Construction  of  Curved  Wing- Walls,  Domes,  Obliaue  Bridges,  and 
Roman  and  Gothic  Vaulting,  are  concisely  explained.  By  Edwako  Dobson, 
MB.I.B.A.,  &c      Illustrated  with  Plates  and  Diagrams,    as.  6d. 

44.  FOUNDATIONS  AND  CONCRETE  »^(9^^5,  a  Rudimenteiy 
Treatise  on ;   containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with   the  usual  Modes  of  Treatment,  and  Practical  Remarks  o«'.,' 
Footings,  Planking,  Sand,   Concrete,   B6ton,   Pile-driving,   Caissons,   and  • 
Cofferdams.     By  E.  Dobson,  M.R.I.B.A.,  Sec.     Thftd  Edition,  revised  by 
George  Dodd,  C.E.    Illustrated,    is.  6d. 
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Architecture,  Building,  etc.,  continued, 

42.  COTTAGE  BUILDING;  or,  Hints  for  Improving  the  DweUingi 
of  the  Working  Classes  and  the  Labouring  Poor.  By  C.  Rrucb  Axxbit, 
Architect.  With  Notes  and  Additions  by  John  Wkalk  and  others.  Eleveath 
Edition,  revised  and  enlarged.    Numerous  Illustrations,     is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLA.STERING,  8cc.,  Rudimentary  Treatise  on.  By  G.  R.  Bdrnbll,  CE. 
Ninth  Edition,  with  Appendices,  is*  6d. 
57.  WARMING  AND  VENTILATION,  a  Rudimentary  Treatise 
'on;  being  a  concise  Exposition  of  the  General  I^nciplesof  tboArt  ofWavn- 
ing  and  ventilating  Domestic  and  Public  Buildings,  Mines,  Lightbomes* 
Ships,  &c.  By  Charles  Tomlinson,  F.B.S.,  &c.  iTlttstrated.  3s. 
83»».  CONSTRUCTION  OF  DOOR  LOCKS,  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  and  Edited  by  Charles  Tom- 
UNSON,  F.R.S.  To  which  is  added,  a  Description  of  Fcnby's  Patent  Locks, 
and  a  Note  upon  Iron  Safes  by  Robert  Mallet,  M.I.C.E.    HIus.    ss.  6d. 

III.  ARCHES,  PIERS,  BUTTRESSES,  &'c.:  Experimental  Essays 

on  the  Principles  of  Construction  in ;  made  with  a  view  to  their  being  usefU 
to  the  Practical  Builder.    By  Wiluam  Bland.    Illustrated,     zs.  6d. 
116.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or.   The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architx^ct  and 
Bnilder.  By  T.  Roger  Smiih,  M.K.I. B.A.,  Architect.  Illustrated.  ss.6d. 
124.  CONSTRUCTION  OF  ROOFS,  Treati.se  on  the.  as  regards 
Carpentry  and  Joinery.  Deduced  from  the  Works  of  Komsox,  Prick,  and 
Trkdoold.    Illustrated,    is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.      With   Illustrations,  designed   by  the 
Author,  and  engraved  by  O.  Jkwitt.    is.  6d. 

128.  VITRUVIUS—TIIE     ARCHITECTURE      OF     MARCUS 

VITRUVIUS  POLLO.     In  Ten  B<loks.     Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates.    5s. 
130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdeen,    is. 
•.•  The  two  Preceding  Works  in  One  handsome  Vol,,  half  bound,  entitled  ^ KntiKxt 
A^cHiTKCTURii.*'    Prietts. 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 
of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sectiuna  of  a  Pair 
of  Sitmi-detached  Villas,  with  the  Specification,  Quantities,  Estimates,  &c 
By  S.  U.  Brooks,  Architect.    New  Edition,  with  plates,    as.  6d. 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers'j  Plumbers',  Painters'  Paper- 
hangers*,  Gilders*  Smiths*,  Carpenters*,  and  Joiners*  Work.  With  Rules  for 
Abstracting  and  Hints  for  Preparing" a  Bill  of  Quantities,  &c.,  &c.  By  A.  C. 
Beaton,  Ardiitect  and  Surveyor.  New  and  Knlareed  Edition.  lll«s.    is.  6d. 

175.  THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK 

(LocKWOOD  8c  Co.'s),  with  which  is  incorporated  "Atchlev's  Buiij>rr*s 
Price  Book."  and  the  "Illustrated  Price  Book,"  published  annually, 
containing  the  present  Prices  of  all  kinds  of  Builders'  Materials  and  I^bunr 
and  of  all  Trades  connected  with  Building :  Memoranda  and  Tallies  required 
in  making  Estimates  and  taking  out  Quantities,  «cc.  With  5  Plates,  con- 
taining Plans,  &c.,  of  Villas,  and  Specification.    3s.  6d. 

182.  CARPENTRY  AND  JOINERY— Thf.  Elementary   Prw- 

ciPLRS  OK  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredoold,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndham 
Tarn,  M.A.    Numerous  Illustrations.    3s.  6d. 

i82«.  CARPENTRY  AND  JOINERY,      ATLAS  of  ^5   Plates  to 

accompany  the  foregoing  book.    With  D^criptive  Letterpress.     4to.     6s. 
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wealie's  rudimentary  series: 


CIVIL   ENGINEERING,   ETC, 

13.  CIVIL  ENGINEERING,  the  Rudiments  of;    for  the  Use  of 

Beginners,  for  Practical  Eaginoers,  and  for  the  hxmy  and  Xavy.  By  Henxy 
Law,  C.E.  Including  a  Section  on  Hydraulic  Engineerrnfi;:,  by  Oborgb  k. 
BuRNVLL,  C.E.  5t1i  Edition,  with  Notes  and  fllnstrations  by  Robert 
Mallet,  A.M.,  F.R.S.    Illustrated  with  Plates  and  Diagrams.    5s. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS,    By  G. 

Drvsoalb  Dempsby,  C.E.  New  Edition,  revised  and  enlarged.  Illustrated. 
is.Od. 

30.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS.     By 

G.  Drysimlb  Dempsby.  C.E.    New  Edition.    Hlnstrnted.    as.  6d. 
%•  With  "  Drainage  0/  Districts  and  Lands^^  in  One  Vol.,  3*.  6«/. 

31.  WELL-DIGGING,    BORING,    AND    PUMP-WORK.      By 

John  Gborcr  Swindell,  Assoc.  R.I.B.A.  New  Edition,  revised  by  G.  R. 
BuRNBLL,  C.E.    Illnstrated.    is. 

35,  THE  BLASTING  AND  QUARRYING  OF  STONE,  Rudi- 
mentary  Treatise  on ;  for  Building  and  other  Purposes,  with  the  Con- 
stituents and  Analyses  of  Granite,  Slate,  Limestone,  and  Sandstone :  to 
which  is  added  some  Remarks  on  the  Blowing  up  of  Bridges.  By  Gen.  Sir 
John  Burgoynb,  Bart.,  K.C.B.    Illustrated,    is.  6d. 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 
Particularly  describing  the  Britannia  and  Conway  Tubular  Bridges. 
With  a  Sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Art  of  Bridge  Building.  By  G.  D.  Dempsby,  C.E., 
Autiior  of  "  The  Practical  Railway  Engineer,  &c.,  8u^  New  Edition,  with 
Illustrations,    is.  6d. 

46.  CONSTRUCTING  AND  REPAIRING  COMMON  ROADS, 
I  Papers  on  the  Art  of.  Containing  a  Survey  of  the  Metropolitan  Roads,  by 
S,  Hughes,  C.E. ;  The  Art  of  Constructing  Common  Roads,  by  Henry 
.Law.  C.E. ;  Remarks  on  the  Maintenance  of  Macadamised  Roads,  by 
Field-Marshal  Sir  John  F.  Burgoy.ns,  Bart.,  G.C.B.,  Royal  Engineers, 
•8tc.,  See.    Illustrated,     is.  6d. 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
struction on  the  Science  of.  By  Sir  Macdonald  Stephensok,  O.K., 
Managing  Director  of  the  East  India  Railway  Company.  New  Edition, 
revised  and  enlarged  by  Edward  Nugent,  C.E.  Plates  and  numerous 
Woodcuts.  3s. 
62».  RAILWAYS;  their  Capital  and  Dividends.  "With  Statistics  of 
their  Working  in  Great  BriUin,  See,  8tc.  By  E.  D.  Chattaway.  is. 
%•  63  andbz*,  in  One  Vol.,  3*.  6d. 

8o».  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Eml>ankments,  and  also  IVactical  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  John  Wiggins,  F.G.S.  New  Edition,  with 
Notes  by  Robkrt  Mallet,  F.R.S.  as. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  Samuel  Hughes,  F.G.S.,  C.E.  New  Edition, 
revised  and  enlarged,  with  numerous  Illustrations.    4s. 

82»*.  GAS  WORKS,  and  the  Practice  of  Manufacturing  and  Distributing 
Coal  Gas.  l)v  .Samuel  Hughes,  C.E.  New  Edition,  revised  by  W. 
Richards,  C.E.    Illustrated.    ^%. 

117.  SUBTERRANEOUS  SURVEYING ;  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
modem  Improvements.    By  Thomas  Bakrr,  C.E.    Illustrated,    as.  6d. 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stevenson,  F.R.S.E.,  Sec.    Plates  and  Diagrams.    3s. 
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Civil  Engineering,  etc.,  continued, 

120.  HYDRAULIC  ENGINEERING,  the  Rudiments  of.     By  G. 

K.  BuRNELL,  C.E.,  F.G.S,    Illastrated.    38. 

121.  RIVERS  AND  TORRENTS,    With  the  Method  of  Regulating 

their  Coursea  and  Channels.  By  Ptofessor  Paul  Fmsi.  F.R.S.jof  Milan. 
Towhichisadded,  AN  ESSAY  ON  NAVIGABLE  CANALS.  Translatwl 
by  Major-General  John  Gaksttn,  of  the  Bengal  Engiaeen.   Plates.   ss«6d. 


MECHANICAL  ENGINEERING,   ETC. 

33.  CRANES,  the  Constrnction  of,  and  other  Machmery  for  Raising 

Heavy  Bodies  for  the  Erection  of  Buildings,  and  for  Hoisting  Goods.     By 
Joseph  Glynn,  F.R.S.,  &r.    Illastrated.    is.  6d. 

34.  THE  STEAM  ENGINE,  a  Rudimentary  Treatise  00.    By  Pr. 

Lardnbr.    Illastrated      is. 
59.  STEAM  BOILERS :  Their  Construction  and  Management.     By 

R.  Armstrong,  C.E.    Illustrated,    xs.  6d. 
63.  AGRICULTURAL  ENGINEERING :  Farm  Buildings,  Motire 
Power,  Field  Machines^  Machinery,  and  Implements.    By  G.  H.  Andkcws, 
C.E.    Illustrated,    js. 
67.  CLOCKS,   IVATCHES,  AND  BELLS,  a  Rudimentaiy  Treatise 
on.  By  Sir  Edmund  Bkckrtt  (late  Edmund  Bkckrtt  Denison,  LlJD.,  Q-C.) 
•,•  A   Nrm,   Revised^  and  considerahly  F.nlargeA  Edttitm  of  the  above  Standard 
Treatise^  with  very  numerout  fl/nstrntions,  is  now  ready,  price  4X.  6*f. 

77».  THE  ECONOMY  OF  FUEL,  paiticularly  with   Reference  to 

Reverbatory  Furnaces  for  the  Manufacture  of  Iron,  and  to  Steam  Boilers. 

By  T.  Symes  Pridbaux.    \<.  6d. 
82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  ^ve  motion  to  Turbines  and  other  Hydrostatic  Engines.    ^  Jossra 

Glynn,  F.R.S.,  8ic.    New  Edition,  Illustrated.    2s. 
98.  PRACTICAL  MECHANISM,  the  Elements  of;   and  Machine 

Tools.     KyT.  Baker,  C.E.    With  Remarks  on  Tools  and  Machinery,  by 

J.  Nasmyih,  C.E.     Plates.     2s.  6«1. 

114.  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 

Working.  Illustrate;!  by  numerous  Examples  of  Modem  Machinery  for 
different  Branches  of  Manufacture.    By  C.  D.  Abel,  C.E.     is.  6d. 

115.  ATLAS    OF  PLATES,      Illustrating  the  above  Treatise.      By 

C.  I>.  Abel,  C.E.    7s.  6d. 
125.  THE  COMBUSTION  OF  COAL  AND  THE  PREVENTION 

OF  SMOKE,  Chemically  and  Practically  Considered.    With  an  Appendix. 

By  C.  Wye  Williams,  A.I.C.E.    Plates.    3s. 
139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theoiy 

of,  with  Rules  at  length,  and  Examples  for  the  Use  of  Practical  Men.    By 

T.  Baker,  C.E.    Illustrated,     is. 
162.   THE    BRASS   FOUNDER'S    MANUAL;     Instructions    for 

Modelling,     Pattern- Making,    Moulding,     Turning,     Filing,     Bumishiag. 

Bronzing,  &c.  With  copious  Receipts,  numerous  Tables,  and  Notes  00  Prims 

Costs  and  Estimates.    By  Walter  Graham.    Illustrated,    as.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied   to  Marine, 

Land,  and  locomotive  Engines,  Floating  Docks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  8cc.    By  J.  G.  Winton.    Illustrated,  js. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.  By  J.  Armour,  C.E.  Numerooa  Woodcots. 
2s.  6d. 
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Mechanical  Engineering,  eiCf  contiasu^, 

i66.  POIVER  IN  MOTION:  Horsc-Poww,  Motioo,  Toothed-Whed 
Geariaf^,  Ixtrng  and  Short  Driving:  Baa<U,  Angular  Forces.  By  Jambs 
Armour,  CE.    With  73  Diagrams,    ts.^. 

167.  THE  APPLICATION  OF  IRON  TO  THE  CONSTRUCTION 
OF  BRIDGES,  GIRDERS.  ROOFS,  AND  OTHER  WORKS.  Showing 
the  Principles  apoa  which  sach  Stnictares  arc  designed,  aod  their  Practical 
Application.    By  Francis  Campin,  C.E.    Numerous  Woodcuts,    ts. 

171.  THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  B^  John  Maxton,  En^eer,  Instructor  in  Engineering 
Drawtne,  Royal  School  of  Naval  Architecture  and  Marine  Engraeering, 
South  iCieasingtott.  Illustrated  with  7  Plates  and  nearly  350  Woodcuts.  3S.6d. 

SHIPBUILDING,    NAVIGATION,   MARINE 

ENGINEERING,   ETC. 

51,  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or,  an  Ezposi- 
tion  of  the  Elementary  Principles  of  the  5>cience,  and  their  Practical  Appli- 
cation to  Naval  Constmction.  Cemjpiied  for  the  Use  of  Beginners.  By 
Taubs  Psakx,  School  of  Naval  Architecture,  ILM.  Dockyard,  Portsnouth. 
Third  Edition,  corrected,  with  Plates  and  Diagrams.  5s.  6d. 
53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementaiy 
and  Practical  Principles  of  the  Construction  of.  By  Haron  A.  Sommbr- 
FBurr,  Surveyor  of  tbe  Royal  Norwegian  Navy.  With  an  Appendix,  is. 
53»».  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rttdimentaiy  Treatise  om.  Also  Tables  of  Spars,  Rigging,  Blocks:  Chain, 
Wire,  and  Heap  R<9e*t  ^t  relative  to  every  class  «f  vessels.  Together 
with  an  Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royad  Niwy  of 
Great  Britain  aod  Ireland.  By  Robbrt  Kii^nMS,  N.A.  ThictecsOh  Edition. 
Ilhistrated.    is.  6d. 

54*.  IRON  SHIPBUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  Jokn  Gramtham,  Con- 
suiting  Engineer  and  Naval  ArchitecL  Fifth  Kditioa,  widi  important  Addi- 
tions. 4s. 
54*».  AN  ATLAS  OF  FORTY  PLATES  to  lUnstnite  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  snch  as  H.M.  Steam  Frigates 
**  Warrior,"  "  Hereules,^  "  Belleropbwi ;  "  H.M.  Troop  Sh^  "Serapis," 
Iron  Floating  Dock,  Itc,  fcc    4*0.  boards.    j«s. 

55.  THE  SAILOR'S  SEA  BOOK:  A  Rudimentary  Treatise  on 

Navigation.  I.  How  to  Keep  the  Log  and  WoHc  it«ir.  IL  On  Finding  tl« 
Latitude  and  Longitude.  By  Jambs  Grbbnw(X)d,  B.A^  «f  Jesus  College, 
Cambridge.  To  which  are  added.  Directions  for  Great  Circle  Sailing ;  an 
Essay  •n  tke  Law  «f  Storass  and  Variable  Winds ;  and  Explanations  sf 
Terms  used  in  Ship-building.  Ninth  Edition,  with  several  Engravings  and 
Coloured  Illustrations  of  the  Flags  of  Maritime  Nations.    Vk^ 

80.  MARINE  ENGINES^  AND  STEAM  VESSELS,  a  Treatise 
on.  Together  with  Practical  Remarks  on  the  Screw  and  Prcmelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robbrt  MoRRAr,  C.E.. 
Engineer-Surveyor  to  the  Board  •f  Trade.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French,  German,  and  ^[»anish.  Fifth  Edition, 
revised  and  enlarged.  Illustrated,  js. 
Zxhis,  THE  FORMS  OF  SHIPS  AND  BOATS :^maXs,  Experiment- 

ally  Derhred.  on  some  of  the  Principles  regulating  Ship-buildmg.  By  W. 
Blamd.  Sixth  Edition,  revised,  with  numerous  Illustrations  and  Models.  xs.6d. 
09.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  faciliute  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  R.  Young,  foraseriy  Professor  of  Mathematics  la 
Belfast  College.    Illustrated,    ss.  6d. 
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Shipbuilding,  Navigation,  etc,  continued, 

100^ »  TABLES  iatended  to  facititate  the  Operations  of  NaTigadon  and 

Nautical  Aitrosomy,  as  am  AccompaBimcRt  to  the  aboTe  Book.    By  J.  R. 
YouNO.    IS.  6d. 

106.  SHIPS*  ANCHORS,  a  Treatise  on.     By  George  CorsEix, 

N.A.    innstrated.    is.  6d. 
149.  SAILS  AND    SAIL-MAKING,  an    Elementary  Treatise    on. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sail*.     Also,.  Weights 

and  Sizes  of  Ropes  ;  Mastingr,  Rigghig,  atid  Sails  of  Steam  Yesscls,  &c.,  ftc. 

Ninth  Edition,  enlarged,  with  a»  Appendis.    By  Robert  Kiprn«G»  'S.A^ 

Sailmaker,  Quayside,  Newcastle.     Illostrated.    as.  6d. 
155.  THE  ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 

MERCANTILE  NAVIES.    By  a  Practical   Enginiir.    Revised  by  D. 

F.  McCarthy,  late  of  the  Odaance  Survey  Office,  Southampton,    js. 


PHYSICAL    SCIEINCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

1.  CHEMISTRY,  for  tlie  Use  of  Beginners.    By  Professor  Geokgk 

FowNES,  F.R.S.  With  a»  Appendix,  on  the  Applicatioa  of  Chemistry  ti» 
Agricuhsre.    is. 

2.  NATURAL  PHILOSOPHY,  IntroducUon  to  the  Study  of;  for 

the  Use  of  Beginners.  By  C.  Tomlinsor,  Lecturer  so  Natural  Science  is 
King's  College  School,  London.    Woodcuts,    is.  6d. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  PH>peities 
of  Minerals,    By  A.  Ramsby,  Jnn.    Woodcuts  and  Steel  Plates.    3s. 

6.  MECHANICS,  Rudimentary  Treatise  on;   Being  a  concise  Ex- 

I>ositioB  of  the  General  Principles  of  MecfaanieaS  Science,  and  their  Applica- 
tions. By  Cmarlxs  ToMLmsoM,  Lecturer  on  Natara)  Science  is  King's 
College  School,  London.    Illustrated,    is.  6d. 

7.  ELECTRICITY;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.  With  considerable  Additions  by  R.  Sabmr.  C.E.. 
F.S.A.  Woodcuts.  xs.6d. 
7».  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Veltak  Electricity.  By  Sir  W.  Snow  Uarjus.  New 
Edition,  revised,  with  considerable  Additions,  by  Robbrt  Sabixb,  C.E.. 
F.SJI.    Woodcuts.    IS.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  Geneial  Prin- 

ciples of  Magnetical  Science,  and  the  Purposes  to  which  it  has  beea  apolicd. 
By  Sir  W.  Smow  Harris.  New  Edition,  revised  aad  enlarged  by  HT  M. 
NoAD.  Ph.D.,  Vice-President  of  the  Chemical  Ssciety,  Anthor  of  ''A 
Manual  of  Electricity/'  ftc,  Sic.    With  165  Wooocuts.    3s.  6d. 

11.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinr,  C  J!.,  FjS  jl.,  ftc. 
Woodcuts.    s% 

12.  PNEUMATICS,    for    the    Use    of    Beginners.     By   Charees 

ToMUNSow.    Illustrated,    rs.  6d. 
72.  MANUAL  OF  THE  MOLLUSC  A ;  a  Treatise  on  Recent  nnd 
Fossil  Shells.     By  Dr.  S.  P.   Woodward,    AX.Sw     With  Apnendiz  by 
Ralph  Tate,  A.L.S.,   F.G.S.     With  numerous  Plates  and  300  Woodmts. 
6s.  6d.    Cloth  boards,  7s.  6d. 
If^^'^.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  8tc.    Translated  from  the  French  of  D.  Va.n  Mokckbovbr. 
by  W.  H.  Tmornthwaitb,  Ph.D.    Woodcuts,    is.  6d. 
96.  ASTRONOMY,     By  the  Rev.  R.  Main,  M.A.,  F.RJ5.,  &c. 
New  and  enlarged  Edition,  with  an  Appendix  on  "  Spectrum  Analysis." 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 
embracing:  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Bakbr,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telesjapb  Service.  By  K.  Bond.  Fourth  Edition,  revised  and 
enlarged  :  to  which  is  appcwled,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TKLEGKAPHY.  for  the  Use  of  Students, 
br  W.  McGkegok,  First  Assistant  Superintendent,  Indian  Gov.  Telegraphs. 
Woodcuts.    3s. 

143.  EXPERIMENTAL  ESSAYS.  By  CHARLES  TOMLINSON. 
I.  On  the  Motions  of  Camphor  on  Water.  II.  On  the  Motion  of  Camphor 
towards  the  Light.   III.  History  of  the  Modem  Theory  of  I>ew.   Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-Gencral  Port- 

lock's  "  Rudiments  of  Geology."    By  Ralph  Tatb,  A.L.S.,  8tc.    Numerous 
Woodcuts,    as. 

174.  HISTORICAL    GEOLOGY,    partly    based    on    Major-General 

PoRTLOCK*s  "  Rudiments."   By  Ralph  Tatb,  A.L.S.,  &c.  Woodcuts,  as.  6d. 

173   RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

<i         Historical.    Partly  based  on   Major-General  Portlock's  "  Rudiments  of 

J  - .       Geology."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  &c.,  &c.    Namerous  Illustra- 

'^*      tions.    In  One  Volume.    4s.  6d. 

183.  ANIMAL  PHYSICS,  Handbook  of.     By  DiONVSius  Lardner, 

^        D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  Uni- 
versity  College,  London.    With  5:k>  Illustrations.     In   One  Volume,   cloth 
1 04.       boards.    7s.  6d. 

•^*  Sold  also  in  Two  Paris,  as  follows  : — 


183.  Animal  Physics.    By  Dr.  Lardnkr.    Part  I.,  Chapter  I— VII.    48. 

184.  Animal  Physics.    By  Dr.  Laronbr.    Part  IL  Chj^ter  VIII— XVIII.    jt. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementaiy  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fbnwicx, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illnstrated.    as.  6d. 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking.  Minings  and  Assaying  Copper,  and  Mana£acturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts,    as. 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constituenta.    By  Dr. 
R.  H.  Lamborn.    Woodcuts,    as. 

135.  ELECTRO'METALLURGY;  Practically  Treated.     By  Alex- 

ander Watt,  F.R.S.S.A.  New  Edition.  Woodcuts,  as. 
172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  tx.  Comprising  Observations  on  the  Materials  from,  and 
Processes  bjr  which,  they^  are  manufactured ;  their  Special  Uses,  Applica- 
tions, Qualities^  andf  Efficiency.  By  William  Morgans,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines,    as.  6d. 

f72*  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the 
above,  containing  a^  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to. 
4s.  6d. 
176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  ConUining 
Outlines  of  Ae  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses 
of  Iron  Ores,  Processes  of  Manufacture  of  Iron  and  Steel,  fcc.  By  H. 
Baubrman,  F.G.S..  Associate  of  the  Royal  School  of  Mines.  Fourth 
Edition,  revised  ana  enlarged,  with  numerous  Illustrations.    4s.  6d. 
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i8o.  COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on. 
By  Warinoton  W.  Smyth.  M-A..  F.R.S.,  Ike.  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  tne  Dnchy  of  Cornwall.  Second  Edition,  revised 
and  corrected.    With  numerous  Illustrations.    3s.  6d. 


EMIGRATION. 


154.  GENERAL  HINTS  TO  EMIGRANTS,    Containing  Notices 

of  the  various  Fields  for  Emiirration.  With  Hints  on  Prq>ar:ition  for 
Emigrating,  Outfits,  8cc.,  Ace.  With  Directions  and  Recipes  osefvl  to  the 
Emigrant.    With  a  Map  of  the  World,    w. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.  By  Robert 
Jambs  Mann,  FJl.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.    Map.    as. 

159.  THE  EMIGRANT'S  GUIDE  TO  AUSTRALIA,  New  South 

JVaUSf  H'esfern  Aitsiralia,  Sou/ A  Aus/rttlui.  Victoria,  and  QmeemsUtnd.  By 
the  Rev.  Jambs  Baird,  B.A.    Map.    2s.  6d. 

160.  THE  EMIGRANT'S  GUIDE  TO  TASMANIA  and  NEW 

ZEALAND,    By  the  Rev.  Jamks  Baird,  B.A.    With  a  Map.    as. 
\^()ScTIIE  EMIGRANTS  GUIDE  TO  AUSTRALASIA,     By  the 
160.    Rev.  J.  Baird,  B.A.    Comprising  the  above  two  volnmes,iamo» cloth  boards. 
With  Maps  of  Australia  and  New  Zealand.    5s. 


AGRICULTURE. 

29.  THE   DRAINAGE   OF  DISTRICTS   AND  LANDS.      By 
G.  Drvsdalb  Dkmpsry.  C.E.    Illustrated,    xs.  6d. 
%•    With  "  Drainage  of  Totvns  and  Bntldings^**  in  One  Vol.,  3*. 

63.  AGRICULTURAL  ENGINEERING :  Farm  Buildings,  Motive 
Powers  and  Machinery  of  the  Steading,  Field  Machines,  and  Implements. 
By  G.H.  Andrews,  CK.    Illustrated,    js. 

66.  CLAY   LANDS    AND    LOAMY    SOILS,       By    Professor 

Donaldson,    is. 
131.  MILLER'S,   MERCHANTS,  AND   FARMER'S  READY 

RECKONER,  for  ascertaining  at  sight  thi>  value  of  any  quantitr  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  pnce»  mmi  ^x  to 
£$  per  quarter.  Together  with  the  ai^roximate  vsuues  of  Millstones  and 
Mill  work,  &c.    zs. 

140.  SOILS,    MANURES,   AND   CROPS   (Vol.    i.   OUTLIIIKS   i^ 

MoDBRM  Farming.)    By  R.  Scott  Burn.    Woodcuts,    as. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical  on.  (Vol.  a.  Outlines  op  Moobrn  Farming.)  By  R.  Scott 
Burn.    Woodcuts.    3s. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES,      (VoL    3. 

Outlines  of  Modern  Farming.)    By  R.  Scorr  Burn.  Woodcuts,    as.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outunss 
OP  MoDBRN  Farming.)    Woodcuts,    as. 

146.  UTILIZATION     OF     SEWAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  $.  Outunrs  op  Modrrr 

Farming.)    By  R.  Scott  Burn.    Woodcuts,    as.  6d. 

•»•  Nos.  x40-i-a-5-6,  in  One  Vol.,  handsomely  balf-bonnd,  entitled  "Outukbsop 

Modern  Farming."    By  Robert  Scott  Burn.    Price  xas. 

17,.  FRUIT  TREES;  The  Scientific  and  Profitable  Culture  of.  From 

the  French  of  Du  Brbuil,  Revised  by  Geo.  Glbnny.   187  Woodcvts.   3s.  6d. 
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FINE    ARTS- 

20.  PERSPECTIVE  FOR  BEGINNERS,  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Painting,  8tc.  By  Gborcs  Pynb, 
Artist.    Woodcuts.    2s. 

27.  A  GRAMMAR  OF  COLOURING,  applicable  to  House  IJ^int- 
ing.  Decorative  Architecture,  and  the  Arts,  for  the  Use  of  Practical  Pamtert 
ana  Decorators.  Bv  Gborgb  Field,  Author  of  "  Chromatics ;  or.  The  Ana- 
logy. Harmony,  ana  Philosophy  of  Colours,"  &c.  Coloured  Illustrations. 
2.S.  6d. 

40.  GLASS  STAINING;  or,  Painting  on  Glass,  The  Art  of.    Com- 

prising  Directions  for  Preparing  the  Pigments  and  Fluxes,  laying  them  upon 
the  Glass,  and  Firing  or  Burning  in  the  Colours.  From  the  German  of  Dr. 
Gbssbrt.    To  which  is  added,  an  Appendix  on  Thb  Art  op  Enambluno, 

41.  PAINTING  ON  GLASS,  The  Art  of.     From  the  German  of 

Emanukl  Otto  Frombbrg.    zs. 
69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.      With 

numerous  Kzamples.  By  Charlbs  Child  Spb  cbr.  ss. 
71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  Charlbs 
Child  Spbncer.  is. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water- Glass,  Tempera,  Encaustic.  Miniature. 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  8cr.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Guluck,  assisted  by 
John  Timbs,  F.S.A.  Third  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.    5s.  « 

ARITHMETIC,    GEOMETRY,    MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction,  and  the  Methods  of  Testing,  Adjusting,  and  Usine  them 
are  concisely  Explained.    By  J.  F.  Hbathbr,  M.A..  of  the  Royal  Miliury 
Academy,  Woolwich.    Original  Edition,  in  i  vol.,  Illustrated,    xs.  6d. 
•«*  In  ordering  the  abcve^  be  careful  to  say,  **  Original  Edition**  or  give  the  number 
in    the  Series  (32)  £>  distinguish  it  from  the  Enlarged  Edition  in  3  vols. 
{Nos.  X68.9.70). 
60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modem  Improvements.    Arranged  for  the  Use  of  Schools  and 
Private  Students  ;   also  for  Practical  Land  Surveyors  and  Engineers.    By 
;T.  Bakbr,  C.E.  New  Edition,  revised  by  Edward  Nuob.mt,  C.E.  Illustrated 
with  Plates  and  Diagrams,    as. 
6l».  READY  RECKONER    FOR    THE   ADMEASUREMENT 
.OF  LAND.    By  Abraham  Arman,  Schoolmaster,  Thurieigh,   Beds.     To 
.which  is  added  a  Table,  showing  the  Price  of  WoHc,  from  ss.  6d.  to  £1  per 
acre,  and  Tables  for  the  Valuation  of  Land,  from  is.  to  £1,000  per  acre,  and 
from  one  pole  to  two  thousand  acres  in  extent,  Sec,  &c.    is.  6d. 
76.  DESCRIPTIVE    GEOMETRY,    an    Elementary  Treatise    on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge.    To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isomctrical  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.    By 
J.  F.  Hbathbr,  M.A.    Illustrated  with  14^  Plates,    ss. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving   the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Hbathbr,  M.A.  With  2x5  Woodcuts,  as. 

179.  PROJECTION:    Orthographic,  Tomographic,   and  Perspective: 

riving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.    By  J.  F.  Hbathbr,  M.A.  [In  preparation, 

*««  The  above  three  volumes  will  form  a  Complbtb  Elbmbntart  Coursb  of 
Mathematical  Drawing. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued, 

83.  COMMERCIAL  BOOK-KEEPING,  With  Commercial  Phrases 
and  Forms  in  English,  French,  lulian,  and  German.  By  Jambs  Haodok, 
M.A.,  Arithmetical  Master  of  King's  College  School,  I.on<ion.    xs. 

8^  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  fuU  Explana- 
^  tions  of  its  Iheoretical  Principles,  and  numerous  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self-Instruction.  Bv  J.  R.  Young,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index,     xs.  6d. 

84*  A  Kky  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.    By  J.  R.  Young,    is.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
8^*.   Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facilitated.  By  W.  Hipslby.  In  Two 
Parts,  IS.  each  ;  or  in  One  Vol.    2s. 

86.  ALGEBRA,    the   Elements    of.      By  James  Haddon,   M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendis, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  ia 
various  parts  of  Algebra,  as. 
.  86*  A  Kby  and  Companion  to  the  above  Book,  forming  an  extensive  rmository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedionti 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self  •Instruc- 
tion.   By  J.  R.  Young,    is.  6d. 

88.  EUCLID,  The  Elements  op  :  with  many  additional  Propositions 

89.  And  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
^  Logic.    By  Ubnry  Law,  C.E.    as.  6d. 

•»•  Sold  also  separately ^  viz.  : — 

88.  FucUD,  The  First  Three  Books.    By  Hbnry  Law,  C.E.    it. 

89.  Euclid,  Books  4,  5,  6,  xi,  12.    By  Hbnky  Law,  C.E.    is.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONICAL  SECTIONS, 

a  Rudimentary  Treatise  on.  By  James  Hann,  late  Mathematical  Master  of 
King's  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  Young,  formerly  Professor  of  Mathematics  at  Belfast  College,     as. 

91.  PLANE     TRIGONOMETRY,   the    Elements    of.     By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    xs. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.    By  Jamxs 

Hann.    Revised  by  Charles  H.  Dowlino,  C.E.    is. 
%•  Or  with  **  The  Elements  0/ Plane  Trigonometry,"  in  One  Volume,  ax. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modem  Engineering.  Ky  T.  Bakbr,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.    Illustrated,     is.  6d. 

94.  LOGARITHMS,   a  Treatise  on;  with  Mathematical  Tables   for 

facilitatim;  Astronomical,  Nautical, Tri^nometrical,  and  Logarithmic  Calcu- 
lations; Tables  of  Natural  Sines  and  Tangents  and  Natural  Cosines.    By 
Henry  Law,  C.E.    Illustrated.    2s.  6d. 
101*.  MEASURES,    WEIGHTS,  AND  MONEYS  OF  ALL  NA^ 

TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  «tc.    is.  6d. 

102.  INTEGRAL   CALCULUS,  Rudimentary  Treatise  on  the.     By 

HoMBRSHAM  Cox,  B.A.    Illostrated.     is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.     By  Jambs  Hann, 

late  of  King's  College,  London.    Illustrated,     is. 

101.  DIFFERENTIAL  C^ZCCTZC/'^,  Examples  of  the.  By  W.  S.  B. 
Woolhoush,  F.R.A.S.,  8tc.    is.  6d. 

104.  DIFFERENTIAL  CALCULUS,  Examples  and  Solations  of  the. 

By  Jambs  Haddon,  M.A.    xs.  6d. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

105.  MNEMONICAL  LESSONS,  —  Geometry,  Algebra,  and 
Trigonombtry,    in    Easy  Mnemontcal    Lessons.      By  the   Rev.  Thomas 

PRNYNGTON   KjRKMAN,   M.A.      IS.  6d. 

136.  ARlTHMETICy  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  Jambs  Haddon,  M.A.  Revised  by  Abraham  Armak. 
IS.  6d. 

137.  A  Key  to  Haddon's  Rudimbntary  Arithmbtic.    By  A.  Arman.    is.  6d. 

147.  ARITHMETIC^  Stepping- Stone  to;  Being  a  Complete  Course 

of  Exercises  in  the  First  Four  Rules  (Simple  and  Compound),  on  as  entirely 
new  principle.  For  the  Use  of  Elementary  Schools  of  every  Grade.  Intended 
as  an  Introduction  to  the  more  extended  works  on  Arithmetic.  By  Abraham 
Arman.    is. 

148.  A  Kby  to  Stbpping-Stonb  to  Arithmetic.    By  A.  Arman.    is. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  Containing 
full,  easy,  and  simple  Instructions  to  ped'orm  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charlrs  Hoare,  CJE.  With  a 
Slide  Rule  in  tuck  of  rover.    3s. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS,    Includ- 

ing—I. Instruments  employed  in  Geometrical  and  Mechanical  Drawing*, 
and  in  the  Construction,  Cop3ring^,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  Used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A.,  late  of  tae  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  &c.,  8tc. 
Illustrated,     is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especiaUy)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Includin^^ — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  Employra  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 
%•  The  above  three  ydumes  form  an  enlarjcement  0/ the  Author's  original  work^ 
"  Mathematical  Instruments:  their  Construction,  Adjustment,  Testing,andH/s*, 
iht  Eleventh  Edition  of  which  is  on  salt,  ^c»  is.  6«/.  fSee  No.  3a  in  the  SertM.) 

j66.^  MATHEMATICAL  INSTRUMENTS,    By  J.  F.  Heather, 

169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Parts  as 
170..)  above,  in  One  thick  Volume.   With  numerous  Illustrations.  Cloth  boards.  5s. 


LEGAL    TREATISES. 


50.  THE  LAW  OF^  CONTRACTS  FOR  WORKS  AND  SER- 
VICES.   By  David  Gibbons.    3s. 

107.  COUNTY  COURT  GUIDE,   Plain    Guide  for  Suitors  in  the 

County  Court.    By  a  Barjustrr.    is  6d. 

108.  THE  METROPOLIS  LOCAL  MANAGEMENT  ACT,  iSlh 

and  i9tb>  Vict.,  c.  izo;   19th  and  20th  Vict.,  c.  112;  21st  and  2and  Vict~ 

c.  104  ;  24th  and  25th  Vict.,  c.  61 ;  also,  the  last  Pauper  Removal  Act.,  ana 

the  Parochial  Assessment  Act.     is.  6d. 
io8*.  THE  METROPOLIS  LOCAL  MANAGEMENT  AMEND- 

MENT  ACT,  1862,  25th  and  26th  Vict.,  c.  120.    Notes  and  an  Index,    is. 
%•  With  the  Local  Afanagement  Act,  in  One  Volume,  zs,  td, 
151.  A   HANDY  BOOK  ON  THE  LAW  OF  FRIENDLY,  IN^ 

DUSTRIAL  &»  PROVIDENT  BUILDING  &*  LOAN  SOCIETIES. 

With  copious  Notes.    By  Nathaniel  White,  of  H.M.  Civil  Service,    is. 
163.  THE   LAW  OF  PATENTS  FOR   INVENTIONS;    and  on 

the  Protection  of  Designs  and  Trade  Marks.    By  F.  W.  Campin,  Barrister- 

at-Law.    as. 

7,   STATIONERS'  HALL  COURT,   LUDGATE   HILL,   E.G. 


12  WE  ale's   educational  AND  CLASSICAL  SERIES. 

MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHTTECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHjK- 
OLOGV,  the  FINE  AR  TS,  6fc.  With  Explanatoir  Observations  on  various 
Snbjects  connected  with  Applied  Science  and  Art.  By  John  Wsali. 
Fourth  Edition,  with  numeroos  Additions.  Edited  by  Robert  Hunt,  F.R.S., 
Keeper  of  Minine  Records,  Editor  of  Ure's  "  Dictionary  of  Arts,  Manu£u> 
tares,  and  Mines.       Namerons  Illustrations,    ss, 

III.  MANUAL    OF  DOMESTIC   MEDICINE,      Describing    the 

Sjmiptoms,  Causes,  and  Treatment  of  the  most  common  Medical  and  Surfpcal 
AJBTections.  By  R.  Goodino,  B.A.,  M.B..  The  whole  intended  as  a  Family 
Guide  in  all  Cases  of  Accident  and  Emergency,  as. 
II2*.  MANAGEMENT  OF  HEALTH,  A  Manual  of  Home  and 
Personal  Hygiene.  Bein^  Practical  Hints  on  Air,  Light,  and  Veotilatioo ; 
Exercise,  Diet,  and  Clothing ;  Rt^t,  Sleep,  and  Mental  Discipline ;  Bathing 
and  Therapeutics.  By  the  Rev.  James  Baird,  B.A.  is. 
113.  FIELD  ARTILLERY  ON  SERVICE,  on  the  Use  of.    With 

especial  Reference  to  that  of  an  Army  Corps.  For  Officers  of  all  Arms. 
By  TAtiBBKT,  Captain,  Prussian  Artillery.  Translated  from  the  Germaa  by 
Lieut.-Col.  Henky  Hamilton  Maxwell,  Bengal  Artillery,  is.  6d. 
II3».  SWORDS,  AND  OTHER  ARMS  used  for  Cutting  and  Thrust- 
ing, Memoir  on.  Ry  Colonel  Marby.  Translated  from  the  French  by 
Colonel  H.  H.  Maxwbil.    With  Notes  and  Plates,    is. 

150.  LOGIC,   Pure     and    Applied.       By   S.    H.   Emmens.       Third 

Edition,     is.  6d. 

152.  PRACTICAL   HINTS  FOR  INVESTING   MONEY.     With 

an  Explanation  of  the  Mode  of  Transacting  Business  on  the  Stock  Ezchanf^e, 
By  Fkancis  Playford,  Sworn  Broker,    is. 

ISX.  SELECTIONS  FROM  LOCKE'S  ESSAYS  ON  THE 
HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmbns.    bs. 


£DVCATIOXAL  AND  CLASSICAL  SERIES. 


HISTORY. 


I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  A  Text 
Book  for  Schools  and  Colleges.  By  William  Douglas  Hamilton.  F.S«A., 
of  Her  Majesty's  Public  Record  Ofnce.  Fourth  Edition,  revised  ana  brought 
down  to  ili72.  Maps  and  Woodcuts.  5s. ;  cloth  boards,  6«.  Also  in  Fiv« 
Parts,  IS.  each. 

5,  Greece,  Outlines  of  the  History  of ;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Lbvibn,  M.A.,  of  Balliol 
College,  Oxford,    as.  6d. ;  cloth  boards,  38.  6d. 

7.  Rome,  Outlines  of  the  History  of:  From  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lbvibn,  of  Balliol  College,  Oxford.  Map,  2^.  6d. ;  cl.  bds.  js.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

.from  the  Creation  of  the  World  to  the  Conclusion  of  the  Franco-Geman 
War.  The  Continuation  by  W.  D.  Hamilton,  F.S.A.,;of  Her  Majesty's 
r  Record  OflBce.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Pablic  and  Private  Ezaminationt.  By  the  Rev.  EocAJt  Rano, 
B.A.    IS. 
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ENGLISH    LANGUAGE    AND    MISCEL- 
LANEOUS. 

11.  Grammar  of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  PhilolcMnr.  By  Uyub 
Clarke,  D.C.L.    Third  Edition,    is.  -»^        ^ 

II*.  Philology :  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  FIcj  i»h  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  C/cmian,  Danish,  hwtHlish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.     Hy  Hydk  Clarkk,   D.C.L.     is. 

12.  Dictionary   of   the   English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  W^ords.  By  Hydi  Claricb,  D.C.L. 
38.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 
48.  Composition  and  Punctuation,  familiarly  Explained  for 
those  who  have  neglected  the  Study  of  Grammar.  By  Austin  Brenan. 
i6th  Edition,     is. 

49-  Derivative  Spelling-Book :  Giving  the  Origin  of  Every  Word 
from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  L<inguages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTiiAM,  F.R.A.S.    Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hinis  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  Fifth  Edition,  carefully  corrected. 
2s.  6d. 

52.  Mining  and  Quarrying,  \vith  the  Sciences  connected  there- 

with. I'lrst  Hook  01,  lor  Schools.  By  T.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,     is.  6d. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  Edgar 
Ran!',  B.A.     is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brict  Treatise  upon  Mo^m  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pi.vk,  Practical  Chemist,  8cc.,  and  Gkorgb 
£.  Wbbster,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham.    2S. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 
BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Graitt, 
Re»  tor  of  Hitcham,  and  Honorarj-  Canon  of  Ely;  formerly  H.M.  Inspector 
of  Schools. 

s.  d.  s.   d. 

Introductory  PrimeR  .  o  3  Third  Standard  .  ,  .  .10 
First  Sianuard      .        .06        Foi'kth        „  ....    1    a 

Second       „  .        .    o  10        Fit t  11  „  ....    1    6 

*i,*  A  Sixth  Standard  in  Preparation. 
Lessons  FROM  the  Hible.     Parti.    Old  Testament,     is. 
Lessons  from  the  Bible.     Part  II.     New  Testament,  to  which  is  added 
Thf  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C. 
Thornion  Forster.     is.  ad.    *«*  Or  the  Two  Parts  in  One  Volume,  as . 


FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.    is. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  on  Railways,  8ic.     By  Alfrbd 
Elwbs.    is.  6d. 
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French,  continued. 

\    t(i,  English-French  Dictionary.    By  Alfred  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s.  ; 
cloth  boarJs,  3s.  6d.    •»•  Or  with  the  Gramhar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book :  Containing  Intro- 
ductory Lessons,  with  Translations,  for  the  convenience  of  Students :  several 
Vocabularies  of  Words,  a  Collection  of  suitable  Phrases,  and  Easy  ramiliar 
Dialogues.    is. 

GERMAN. 

39.  German  Grammar.      Adapted   for   English   Students,   from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,     is. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  and  £x-> 
planatory.    By  G.  L.  Strauss,  Ph.D.    is. 

41.  German  Triglot  Dictionary.     By  Nicholas  Esterhazy, 

S.  A.  Hamilton.    Part  I.  English-German-French.    is. 

42.  German    Triglot    Dictionary.      Part  IL   Grerman-French- 

English.    IS. 

43.  German  Triglot   Dictionary.      Part  III.    French-Grerman- 

English.     IS. 

41-43.  German  Triglot   Dictionary  (as  above),  in  One  Vol.,  3s.; 

cloth  boards,  4s.    *«*  Or  with  the  Gbrman  Grammar,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.    is. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwbs. 
Vol.  I.  Italian- English-French,    ss. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      Vol.   2, 

English-French-ltalian.     2s. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

French-Italian-English.    2s. 

28,30,  Italian  Triglot   Dictionary  (as  above).    In  One  Vol.,  6s. ; 

32.      clith  boards,  7s.  6d.     V  Or  with  the  Italian  Grammar,  cloth  bds.,  8«.  6d, 

SPANISH. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfred  Elwes.     js. 

35.  Spanish-English   and    English-Spanish     Dictionary. 

Including  a  large  numl>er  of  Technical  Terms  used  in  Minine,  Engineering,  Stc, 
with  the  proper  AcccnU  and  the  Gender  of  every  Noun.  By  Alfrkd  Elwss. 
4s. ;  cloth  boards,  5s.    \*   Or  with  the  Grammar,  cloth  boards,  6s. 

HEBREW. 
46*.  Hebreiv  Grammar.    By  Dr.  Bresslau.     is. 
44.  Hebrevr  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Poat> 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s.    \*  Or  with  the  Gramm.\r,  7s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.      the  Grammar,  cloth  boards,  iss. 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.    By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,    is. 

20.  Latin-English  Dictionary.    Compiled  ftom  the  best  Autho- 

rities.    By  the  Rev.  Thomas  Goodwin,  M.A.    2s. 
22.  English-Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 
cloth  boards,  4s.  6d.    %*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  Hbnrv  Young, 
lately  Second  Master  of  the  Royal  Grammar  School,  Guildford,     is. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  .Schools,  by  H.  Youno.    as. 
12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.    is. 
14.  Ciceronis  Cato  Major,  La*lins,  Brutus,  sive  de  Senectute,  de  Ami- 
citia,  de  Claris  Oratoribus  Dialogi.     With  Notes  by  W.  Brownrigc  Smith, 
M.A.,  F.R.G.S.    2s. 

3.  Cornelius  Nepos.     With  Notes.     Intended  for  the  Use  of 

Schools.    By  H.  Young,    is. 

6.  Horace;   Odes,   Epode,  and  Carmen  Saeculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace  ;  Satires,  Epistles,  and  Ars  Poetics.  Notes  by  W.  Brown- 

RiGG  Smith,  M.A.,  F.R.G.S.    is.  6d. 

21.  Juvenadis  Satiiae.    With  Prolcgomcxu  and  Notes  by  T.  H.  S. 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London,     is.  6d. 

16.  Livy  :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 
M.A.    Part  i.    Books  i.,  ii.,  is.  6d. 

i6». Part  2.    Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  3.    Books  xxi.  xxii.,  is.  6  1. 

8.  Saliustii  Crispi  Catalina  et  Bellum  Jugurthinum.     Notes  Critical 

and   Explanatory,  by  W.  M.   Donnh,  B.A.,  Trinity  College,  Cambridge. 
i8.6d. 

10.  Terentii  Adelphi  Hecyra,  Phormio.     Edited,  with  Notes,  Critical 

and  Explanatory*,  by  the  Rev.  James  Daviks,  M.A.    2s. 

9.  Terentii  Andria  et  Heautontimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    is.  6d. 

11.  Terentii  Eunuchus,  Comoedia.     Edited,  with  Notes,  by  the  Rev. 

James   Davies,   M.A.      is.  6d.    Or  the  Adelphi,  Andria,  and   Eunuchus, 
3  vols,  in  1,  cloth  boards,  6s. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.   With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,    is.  6d. 

5.  Virgiiii  Maronis  .^neis.     Notes,  Critical  and  Explanatory,  by  H. 
Young.    2s. 

19.  Latin  Verse  Selections,  from  Catullus,  TibuUus,  Pronertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,  from  Varro,  Columella,   Vitruvius, 

Seneca  Ouintilian,  Floras,  Velleius  Patcrculus,  Valerius  Maximos  Sueto- 
nius, Apuleius,  8cc.    Notes  by  W.  B.  Donnb,  M.A.    2$. 

7,   STATIONERS'   HALL  COURT,  LUDGATE  HILL,   E.C, 


l6  WEALE'S   EDUCATIONAL  AND  CLASSICAL 

m  — . * 

GREEK. 
14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical KeseArches  of  the  most  eminent  Scholars  of  our  own  dar.    By  Haxs 
Clauds  Hamilton,    is. 

15,17.  Greek  Lexicon.  Containing  alllhe  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Hbn-ry  R. 
Hamilton.  Vol,  x.  Greek -English,  2s. ;  Vol.  2.  English -Greek,  as.  Or  the 
Two  Vols,  in  One,  48. :  cloth  boards,  5s. 

14.15.  Greek  Lexicon  (as  above).    Complete,  with  the  Geaumar,  in 

17.       One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.  With  Explanatory  Notes  in  EngUsh. 
I.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young.  New 
Edition,  with  an  improved  and  enlarged  Nupplementary  Vocabulary,  by  John 
HuTCHLsoN,  M.A.,  of  the  High  School,  Glasgow,  is. 
30.  ^<Eschylus :  PrometheiLs  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  Jamks  Davibs,  M.A.     is. 

32.  .^schylus :  Septem  Contia  Thebes :  The  Seven  against  Thebes. 
From  the  Text  of  Dinoorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davixs.  M  A.    is. 

40.  Aristophanes :  Achamians.  Chiefly  from  the  Text  of  C.  H. 
Wkisk.    With  Notes,  by  C.  S.  T.  Townshknd,  M.A.    is.  6d. 

26.  Euripides :  Alcestis.  Chiefly  from  the  Text  of  Dindorf.  With 
Notes,  Critical  and  Explanatory,  by  John  Milnbr,  £.A.     is. 

23.  Euripides :  Hecuba  and  Medea.     Cliirfly  from  the  Text  of  Din- 
dorf.   With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigo  Smith, 
M.A.,  F.K.G.S.    IS.  6d. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
"With    Preliminary  Observations  and  Appendices,  and  Notes,  Critical  aad 


Expl.matory,  by  T.  H.  L.  I.bary,  M.A.,  D.C.L. 
Part  I.  Hooks  i.,  ii.  (The  Clio  and  Eutrrpr), 
Part  a.     Books  iii.,  iy.  n~he  Thalia  and  Melpomene),  is.  6d. 


Part  J,     Books  v.-vii.  (The  Terpsichore,  Erato,  and  P«lyinnia>  t«.  6d. 
Part  4.     Books  viii.,  iv.  (Tlie  Urania  and  Calliope)  and  Index,  is.  6d. 
5-12.  Homer,  The  Works  of.     According  to  the  Text  of  BARUMLKnr. 
With    Notes,   Critical   and   Explanatory,    drawn  from   the  best  and  latest 
Autboritifs,  with   Preliminary  Observations  and  Appendices,  by  T.  H.  L, 
I.EARY,  M.A.,  D.C.L. 
ThbIuao:         Parti.   Books  i.  to  vi.^  is.  6d.     I   Part  3.   Books  xiii.  to  xviii.,  xs.  6d. 
Part  2.   Books  vii.  to  zii.,  is.  6d.   |   Part  4.   Books  xix.  to  xxiv.,  is.  6d. 
The  Odyssey:    Part  i.   Books  i.  to  vi.,  is.  6d.    I   Part  3.   Books  xiii.  to  xv\\i.,  is.  6d. 
Part  2.   Booksvii.toxii.,  IS.  6d.      Part  4.   Books  xix.   to  xxiv.,   aad 
I       Hymns,  as. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Youno.     is. 

13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phacdo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davi  bs,  M.A.    2s. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  Young,     is. 

20.  Sophocles:   Antigone.    From  the  Text  of  Dindorf.     Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Milnbr,  B.A.    *s. 

41.  Thucydldes:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  i.    i». 
2,  3.  Xenophon's  Anabasis;  or.  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geojn"-^ph>c**    Register,  by  H.  Youno.    Part  i.  Booki  i.  to  iii., 
IS.    Part  2.  Books  iv.  to  vii.,  is. 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  and  Intro- 

duction by  Ll.  F.  W.  Jewitt.    is.  6d. 

LOCKWOOD   AND  CO.,   7,  STATIONERS*   HALL  COURT,   E.C. 


London,  February,  1875. 

%  Catabpe  0f  §00ks 

inAuding  many 

NEW  &  STANDARD  WORKS 

IN 

ENGINEERING,    ARCHITECTURE, 

AGRICULTURE,     MATHEMATICS,     MECHANICS, 

SCIENCE,    &C.    &C. 

PU  BUSHED  BY 

LOGKWOOD  &  CO., 

7,    STATIONERS'-HALL   COURT,    LUDGATE    HILL,    E.C 


ENGINEERING,  SURVEYING,  &C. 

♦ 

Humbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  Wiluam  Humber,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E,  Author  of  "Cast  and  Wrought  Iron 
Bridge  Construction,"  &c.  &c  This  work,  it  is  expected,  will  con- 
tain about  50  Double  Plates,  and  upwards  of  300  pages  of  Text 
Imp.  4*0,  half  bound  in  morocco.  [/«  the  press, 

♦,*  In  accumulating  information  for  this  volume,  the  Author  has 
been  very  liberally  assisted  by  severed  professional  friends,  who  have 
made  this  department  of  engineering  their  special  study.  He  has  thus 
been  in  a  position  to  prepare  a  work  which,  within  the  limits  of  a 
sin^e  volume,  will  supply  the  reader  with  the  most  complete  and 
reliable  information  upon  all  subjects,  theoretical  and  practical,  con- 
nected with  water  supply.  Through  the  kindness  of  Messrs,  Ander- 
son,  Bateman,  Haivksley,  Homersham,  Baldwin  Latham,  Lawson^ 
Milne,  Quick,  Rawlinson^  Simpson,  and  others,  several  works,  con- 
structed  and  tn  course  of  construction,  from  the  designs  of  these  gentle- 
men, wUl  be  fully  illustrated  and  described, 

AMONGST  OTHEE  IMPORTANT  SUBJECTS  THE  FOLLOWING  WILL  BE  TBBATED 

■    1  cL  .  u    r*i.  '"*  "^"^  text:— 

IlLSloncjil  ^ilsctctiDl  the  niMiM  that  haw  b«n  prop&Kd  and  adopted  for  the  Suppplf 
(jf  >Vatcr.— W*^r  dnd  ihfl  For^igd  Matter  ustiaJW  aiiociated  Wi^  it.— RwnT*!!  aad 
Evapoirat)r>n.— ^pnng^  ^^d  SubietTMe:iti  Like*.— Jly^rtiiilics, --The  Sdart^wi  of 
Sites  for  WiitcfWorfct--Wtlls.—H»ervo in —Filtration  and  FiCtr  Beds— Rcitrvoir 
ftdJ  FJ*""  f^^  '^PP*"™^'^^ Pumps  ,ind  Appaid^ea— PiimpUie  Machintrv,-* 
Culverts  and  t,iJntliiitR.  A^iueducts,  Sypboni  he  — fyTsinbution  of  Watci,— Wiicf 
Mcten  »od  general  Koum  Fitting,,— tf«t  of  WorVi  for  ihc  Supply  of  Water.— Con- 
.tant  a"**  *°*f  ""'"^J^  ^"T^V  — SugEcsiions  for  prcpannK  Plan^.  ^^'  ftc.,  iD«thcr 
flriih  »  Desoipuort  of  the  nuintroM*  Worlcs  Ulo^tr^i^l  vli :— AUr^leen,  nid^forxl, 
t^cke*™™^""  Y"t>[iii,  Glasgow^  Loch  KatrUie  Liverpool,  Monch ester,  Rolherhacd. 
Suiidtfla^*^  *^^  lever*!  otb«,  ;  with  copies  of  the  Contract,  DiawinRi  aad  SpcF^fi- 
^on  is  each  c**e. 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humbers  Modem  Engineering.     First  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING,  1863.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  ftc.  By  WILLIAM 
H UMBER,  Assoc.  Inst  C.E,,  &c  Imp.  4to,  with  36  Double 
Plates,  drawn  to  a  large  scale,  and  Photographic  Portrait  of  John 
Hawkshaw,  C.E.,  F.R.S.,  &c     Price  3/.  y,  half  morocco. 

List  of  the  Plates. 

NAMB  AND  DBSCRimON.  PLATES.  NAMB  OF  BNGIMSEK. 

Victoria  Station  and  Roof— L.  B.&  S.  C.  RaiL  x  to  8  Mr.  R.  Jacomb  Hood,  CE. 

Southport  Pier 9  and  zo  Mr.  James  Bninlees,  CE. 

Victoria  Station  and  Roof—L.  C.  &  D.  &  G.  W. 

Railways    iztozsA  Mr.  John  Fowler,  CE. 

Roof  of  Cremome  Music  Hall 16  Mr.  William  Humber,  CE. 

Bridse  over  G.  N.  Railway 17  Mr.  Joseph  Cubitt.  CE. 

Roof  of  StadoQ— Dutch  Rhenish  Railway  . .  z8  and  Z9  Mr.  £uschedi,  C& 
Bridge  over  the  Thames— West  London  Ex-                                     • 

tension  Railway ao  to  94  Mr.  William  Baker,  CB. 

Armour  Plates 95  Mr.  Jfunes  Chalmers,  CE. 

Suspension  Bridge,  Thames 361099  Mr.  Feter  W.  Barlow,  CE. 

The  Allen  En^ne   30  Mr.  G.  T.  Porter,  M.  E. 

Suspezision  Bridge,  Avon 3Z  to  33  Mr.  John  Hawkshaw,  CE. 

and  W.  H.  Barlow,  CE. 

Underground  Railway 34  to  36  Mr.  John  Fowler,  CE. 

With  copious  Descriptive  Letterpress,  Specifications^  &c 


*'  Handsomely  lithographed  and  i>rinted.  It  will  find  favour  with  many  who  denr« 
to  preserve  in  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  th« 
guidance  of  the  contractors  for  many  important  engineering,  works."— Jg^yMMirr. 

Humbef^s  Modern  Engineering.    Second  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1864 ;  with  Photographic  Portrait  of  Robert  Stephenson, 
C.E.,  M.P.,  F.R.S.,  &c     Price  3/.  31.  half  morocca 

List  of  the  Plates. 

NAMB  AND  DESCRIPTION.  FLATBS.  NAMK  OF  BNCIMKBK. 

Birkenhead  Docks,  Low  Water  Basin  x  to  15  Mr.  G.  F.  Lyster.  CK 

Charing  Cross  Station  Roof— C  C  Railway.  x6  to  x8  Mr.  Hawkshaw,  CE. 

Disswell  Viaduct— Great  Northern  Railway.         19  Mr.  J.  Cubitt,  CE. 

RoDbery  Wood  Viaduct— Gr«at  N.  Railway.         ao  Mr.  J.  Cubitt.  CS. 

Iron  Permanent  Way ao«  — * 

Oydach  Viaduct  — Merthyr,  Tredegar,  and 

Aberaavenny  Railway  ax  Mr.  Gardner,  CE. 

Ebbw  Viaduct       ditto       ditto       ditto  aa  Mr.  Gardner,  C.E. 

Colle^  Wood  Viaduct— Cornwall  Railway . .         23  Mr.  Brunei. 

Dubhn  Winter  Palace  Roof a4  to  a6  Messrs.  Ordish&LeFcinrvsb 

Bridge  over  the  Thames— L.  C  &  D.  Railw.  vj  to  3a  Mr.  J.  Cubitt.  CE. 

Albert  Harbour,  Greenock  33  to  36  Messrs.  Bell  &  MiUcr. 

With  copious  Descriptive  Letterpress,  Specifications,  &c. 


I'  A  fYxwMr/of  all  the  more  interesting  and  important  works  lately  completed  ia  Onat 
Britain ;  and  containing,  as  it  does,  carefully  executed  drawinn^  with  full  ^ 
details  will  be  found  a  valuable  accessory  to  the  profession  at  JarBSe.**— uS^ 

"Mr.  Humber  has  done  the  profession  cood  and  true  service,  by  the  lin«  c 
of  examples  he  has  here  brougnt  before  tne  iMt>fession  and  the  public**—/ 
MecAanki'  Jm^maL 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO.  3 

Humberts  Modem  Engineering.    Third  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1S65.  Imp.  4to,  with  40  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  of  J.  R.  M 'Clean,  Esq.,  late  Pre- 
sident of  the  Institution  of  Civil  Engineers.  Price  3/.  y.  half 
morocco. 

Ust  ofPUties  and  Diagrams. 


Bridge  over  River  Lea. 
Bridge  over  River  Lea. 


MAIN  DRAINAGE,  METROPOLIS. 

North  Sidb. 
Map  showing  Interception  of  Sewers. 
Middle  Level  Sewer.     Sewer  under  Re- 
gent's Canal. 
Middle  Levd  Sewer.   Junction  with  Fleet 

Ditch. 
Out&U  Sewer.    Bridge  over  River  Lea. 

Elevation. 
Outfall  Sswer. 

Details. 
Outfall  Sewer. 

Details. 
Outfidl  Sewer.    Bridge  over  Marsh  Lane. 

North  Woolwich  iGiilway,  and  Bow  ana 

Barking  Railway  J[  unction. 
Outfall  Sewer.      Bridge   over   Bow  and 

BarkinfE  Rulway.     Elevation. 
Out£dl    Sewer.      Bridge  over  Bow  and 

Barking  Railway.    Deuils. 
Outfall  Sewer.      Bridge  over   Bow  and 

Barking  Railway.     Details. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks'  Feeder.     Elevation. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks^  Feeder.    Details. 
Outfall  Sewer.    Reservoir.    Plan. 
Outfall  Sewer.    Reservoir.    Section. 
Out&ll  Sewer.  Tumbling  Bay  and  Outlet. 
Outfall  Sewer.    Penstocks. 

South  Siob. 
Outfall  Sewer.     Bermondsey  Braach. 
Outfall  Sewer.    Bermondsey  Branch. 
Out£dl  Sewer.      Reservoir  and   Outlet 
Flan. 


MAIN  DRAINAGE.  METROPOLIS. 
coHtinutd-' 

Reservoir  and  Oudet 


Reservoir   and  Outlet. 
Reservoir  and  Outlet 


Outfall  Sewer. 

Details. 
Outfall  Sewer. 

Details. 
Outfall  Sewer. 

Details. 
Outfall  Sewer.    Filth  Hoist 
Sections  of  Sewers    (North  and  South 

Skies). 

THAMES  EMBANKMENT. 

Section  of  River  Wall. 

Steam-boat  Pier,  Westminster.  Elevatkm. 

Steam-boat  Pier,  Westminster.    Details. 

Landing  Stairs  between  Charing  Cross 
and  Waterloo  Bridges. 

York  Gate.     Front  Elevation. 

York  Gate.    Skie  Elevation  and  Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Penstodc 

Overflowand  Outletat  Savoy  Street  Sewer. 
Penstock. 

Steam-boat  Pier,  Waterioo  Bridge.  Eleva- 
tion. 

Steam-boat  Pier,  Waterloo  Bridge.  De- 
tails. 

Steam-boat  Pier,  Waterloo  Bridge.  De- 
tails. 

Junction  of  Sewers.    Plans  and  Sections^ 

Gullies.    Plans  and  Sections. 

Rolling  Stock. 

Granite  and  Iron  Forts. 


With  copious  DescriptiTe  Letterpress,  Specifications,  &c 


Opinions  of  the  Press, 

"  Mr.  number's  works— especially  his  annual  '  Record/  with  which  so  many  of  our 
readers  are  now  fiuniliar— fill  a  void  occupied  by  no  other  branch  of  literature.  .  •  •  • 
The  drawings  have  a  constantly  increasing  value,  and  whoever  desires  to  possess  dear 
representations  of  the  two  grtat  works  carried  out  by  our  Metropolitan  Board  will 
obtain  Mr.  Humberts  last  yo\uxat,''~-£MgnuertM£^, 

*'  No  engineer,  architect,  or  contractor  should  fail  to  preserve  these  records  of  works 
which,  for  magnitude,  have  not  their  parallel  in  the  present  day,  no  student  in  tho 
profession  but  should  carefully  study  the  detaOs  of  these  great  works,  which  he  may  bo 
one  day  called  upon  to  imitate." — Mechanics*  Mugasitu. 

"  A  work  hi^y  crediuble  to  the  industry  of  its  author.  ....  The  volume  is  quito 
an  encyclopaedia  for  the  study  of  the  student  who  desires  to  master  the  subjoct  01 
municipal  drainage  on  its  scsde  of  greatoit  devdopment"— Pmr/^rri/  Mwuutkf 
Jcwmal, 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Modern  Engineering.    Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1866.  Imp.  4I0,  with  36  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Poi  trait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.     Price  3/.  3/.  half-morocco. 

List  of  the  Plata  and  Diagrams, 

NAME  AKD   DESCRIPTION.  PLATES.  NAME  OP  ENGINBSS. 

Abbey  Mills  Pumping  Station,  Main  Drainage, 

Metropolis 1104  Mr.  Bazalgette,  C.E. 

Barrow  Docks 5^0  9  Messrs.  M'Clean  &  SdUman, 

Manquis  Viaduct,  Santiago  and  Valparaiso  [C.£. 

Railway 10,  xx  Mr.  W.  Loyd,  C.E. 

Adams'  Locomotive,  St.  Helen's  Canal  Rail w.  xa,  13  Mr.  H.  Cross,  C.E. 
Cannoo  Street  Station  Roof,  Charing  Cross 

Railway 14  to  x6  Mr.  J.  Hawkshaw,  CE. 

RmuI  Bridge  over  the  River  Moka 17,  18  Mr.  H,  Wakefield,  CE. 

Telegraphic  Apparatus  for  Mesopotamia  ....  19  Mr.  Siemens.  C.  E. 

Viaduct  over  the  River  Wye,  Midland  Railw.  so  to  aa  Mr.  W.  H.  Barlow,  CE. 

St.  Germans  Vi.nduct.  Com\%'all  Railnfay  ....  23,  94  Mr.  Brunei,  CE. 

Wrought- 1  ron  Cylinder  for  Diving  Bell 25  Mr.  J.  Coode,  C.  E. 

Millwall  Docks 96  to  31  Messrs.  J.  Fowler,  CE., and 

William  Wilson,  CE. 

Milroy's  Patent  Excavator    3a  Mr.  Mihroy,  CE. 

Metropolitan  District  Railway 33  to  38  Mr.  J.  Fowler,  Engineer-in- 

Oucf.   and    Mr.  T.   M. 
Johnson,  CE. 

Harbours,  Ports,  and  Break>\-aters a  to  c                      

The  LHterpress  comprises — 

A  concluding  article  on  Harbours,  Ports,  and  Breakwaters,  with 
Illustrations  and  detailed  descriptions  of  the  Breakwater  at  Cher- 
bourg, and  other  important  modem  works  ;  an  article  on  the 
Telegraph  Lines  of  Mesopotamia ;  a  full  description  of  the  Wroufl|ht- 
iron  Diving  Cylinder  for  Ceylon,  the  circumstances  tmder  which  it 
was  used,  and  the  means  of  working  it ;  fidl  description  of  the 
Millwall  Docks  ;  &c.,  &c.,  &c 


Opinions  of  the  Press, 

"  Mr.  Humber's  '  Record  of  Modem  Engineering '  is  a  work  of  peculiar  value,  as 
wdl  to  those  who  design  as  to  those  who  study  the  art  of  engineering  construction. 
It  embodies  a  vast  amount  of  practical  information  in  the  form  of  full  descriptions  and 
working  drawings  of  all  the  most  recent  and  noteworthy  engineering  works.  The 
pbtes  are  excellently  lithographed,  and  the  present  volume  of  the  *  Record  *  is  not  a 
whit  behind  its  predecessors." — Mechanic^  Magatifu. 

'*  We  gtadlv  welcome  another  year's  issue  of  this  valuable  publication  from  the  able 
pen  of  Mr.  H umber.  The  accuracy  and  general  excellence  of  this  work  are  well 
Icnown,  while  its  usefulness  in  giving  the  measurements  and  details  of  some  of  the 
latest  examples  of  engineering,  as  carried  out  by  the  most  eminent  men  in  the  profes- 
sion, cannot  be  too  highly  prized."— -.(4 r^tsoi*. 

"  The  volume  forms  a  valuable  companion  to  those  which  have  preceded  it,  and 
cannot  fail  to  prove  a  most  important  addition  to  every  engineering  liorary.** — Mming 
youmal. 

"  No  one  of  Mr.  Humber's  volumes  was  bad  :  all  were  worth  their  cost,  from  the 
mass  of  plates  from  well-executed  drawings  whidi  they  contained.  In  this  re»Mct, 
perhaps,  this  last  volume  is  the  most  valuable  that  the  author  has  produced." — Pfme» 
Heai  Mechnntct*  JeurtuU, 
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Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  Assoc,  Inst.  C.E.,  and  M.  InsU 
M.E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and, numerous 
additions  to  the  Text,  In  2  vols.  imp.  4to.,  price  6/.  idr.  6</.  half 
bound  in  morocco. 

**  A  very  valuable  contribution  to  the  standard  hterature  of  civil  engineering-  In 
addition  to  elevations,  plans,  and  sections,  laree  scale  details  are  given,  which  very 
much  enhance  the  instructive  worth  of  these  illustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  informatioo.  ^— 'Civil  Engineer  and  A  rchiteci't 
ycurnal. 

"The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  prin- 
ciples involved  in  the  various  forms  now  adopted  in  bridee  construction,  llie^ 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefullv  con- 
sidered and  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  conuining  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  of 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  illus> 
trated  by  numerous  woodcuts,  plates,  and  diagrams :  and  the  {Jates  in  the  second 
voltune  do  great  credit  to  both  draughtsmen  and  engravers.  In  conclusion,  we  have 
£reat pleasure  in  cordially  recommending  this  work  to  our  readers." — Artisan. 

"  Mr.  Humber's  stately  volumes  lately  issued— in  which  the  most  important  bridfl»s 
erected  durixig  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our 
most  eminent  engineers,  are  drawn  and  specified  in  great  detail"— ^^yxrtMr. 

Weale's  Engineers    Pocket-Book. 

THE  ENGINEERS',  ARCHITECTS',  and  CONTRACTORS' 
POCKET-BOOK  (Lockwood  &  Co.'s;    formerly  Weale's). 
Published  Annually.      In  roan  tuck,  gilt  edges,  with   10  Copper- 
plates and  numerous  Woodcuts.     Price  dr. 
"  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimeu- 
nonsofabook  which  is,  in  reality,  what  it  professes  to  be — a  pocke^book.     .... 
We  cordially  recommend  the  book  to  the  notice  of  the  managers  of  coal  and  other 
mines:  to  them  it  will  prove  a  handy  book  of  reference  on  a  variety  of  subjects  muie. 
or  less  intimately  connected  with  theu-  profession."— Co/Ziifry  Guardian. 

**  Every  branch  of  engineering  is  treated  of,  and  facts,  figures,  and  data  of  every 
kind  ahoaad.**~'AfecAaMict'  Mag. 

**  It  contains  a  large  amount  of  information  peculiarly  valuable  to  those  for  whosc- 
use  it  is  compiled.  We  cordially  commend  it  to  the  engineering  and  architectural 
professions  generally." — Mining  Joumai. 

Iron  Brid^es^  GirderSy  Roofs,  &c. 

A  TREATISE  on  the  APPLICATION  of  IRON  to  the  CON- 
STRUCTION  of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  Principles  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
the  use  of  Students  and  Practical  Mechanics,  all  Mathematical  F«»r- 
mulae  and  Symbols  being  excluded.  By  Francis  Campin,  C.E. 
With  numerous  Diagrams.    i2mo.,  cloth  boards,  31. 

"  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide 
they  want" — Middlesboroneh  Weekly  News. 

*  Invaluable  to  those  who  have  not  been  educated  in  nuUhematics.'*--Cc;///V;^ 
Cuardian, 

**  Remarkably  accurate  and  well  written.**— ^r/i«M. 
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Barlow  on  the  Strength  of  Materials^  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railwa3rs,  &c  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  Peter  Barlow,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R.S.,  to  which  are  added  Experiments  bv  Hodgkinson,  Fair- 
bairn,  and  KiRKALDY  ;  an  Essay  (with  Illustrations)  on  the  effect 
Sroduced  by  passini^  Weights  over  Elastic  Bars,  by  the  Rev. 
:oBERT  Willis,  M.A.,  F.R.S.  And  Formulae  for  Calculating 
Girders,  &c.  The  whole  arranged  and  edited  ^  W.  Humber, 
Assoc  Inst.  C.K,  Author  of  "  A  Complete  and  Practical  Treatise 
on  Cast  and  Wrought-Iron  Bridge  Construction,"  &c  &c  Demy 
8vo,  400  pp.,  with  19  large  Plates,  and  numerous  woodcuts,  price 
lar.  doth. 
*'  Althoueh  issued  as  the  sixth  edition,  the  volume  under  consideration  is  wortiiy  <tf 
being  renrded,  for  all  practical  purposes,  as  an  entirely  new  work  ...  the  biook 
is  undouDtedly  worthy  of  the  highest  commendation." — Mining  yottmoL 

"  An  increased  value  has  been  given  to  this  very  valuable  work  by  the  adifition  fsi 


Ik  requinng  special  care  and  ability  to  render  it  a  success.^ — Mecm 

"  The  best  book  on  the  subject  which  has  yet  appeared.    ....    We  fcaoir  of 

no  work  that  so  completely  fuifils  its  nassaxm.*'— English  Mechanic. 
*'  There  is  not  a  pupil  in  an  eneineering  school,  an  apprentice  in  an  engineer's  or 

architect's  office,  or  a  competent  clerk  of  works,  who  will  not  recognise  in  the  scientific 

volume  newly  given  to  circulation,  an  old  and  valued  friend.** — BuihUMg Nemm. 

.    '*  The  standard  treatise  upon  this  particular  subject" — Engineer. 

Strains  y  Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in    GIRDERS     and    SIMILAR    STRUCTURES,    and    their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams^ 
with  numerous  Details  for  Practical  Application,  &c    By  William 
HuMBER,  Assoc.  lust  C.E.,  &c.     Fcap.  8vo,  with  nearly  lOD 
Woodcuts  and  3  Plates,  price  ^s.  6d,  clotlu 
"  The  arrangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  wdl 
could  be.   .  . ,.  .    The  system  of  employing  diagrams  as  a  substitute  for  ooamlex 
computations  is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Humoer't 
volume  is  fully  up  to  the  times.** — Engtneering. 
"  The  formulae  are  neatly  expressed,  and  the  diagrams  good."— ^/ArawwiMr. 
"We  heartily  commend  this  really  handy  book  to  our  engineer  and  aidutSOt 
readers. " — English  Mechanic. 

Mechanical  Engineering, 

A  PRACTICAL  TREATISE  ON  MECHANICAL  ENGI- 
NEERING :  comprising  Metallurgy,  Moulding,  Casting,  Foig[ing, 
Tools,  Workshop  Machmery,  Mechanical  Manipulation,  Manu&c- 
ture  of  the  Steam  Engine,  &c.  &c.  With  an  Appendix  on  the 
Analysis  of  Iron  and  Iron  Ore,  and  Glossary  of  Terms.  By  Francis 
Campin,  C.E.  Illustrated  with  91  Woodcuts  and  28  Plates  of 
Slotting,  Shaping,  Drilling,  Punching,  Shearing,  and  Rivedng 
Machines — Blast,  Refining,  and  Reverberatory  Fumaoes — Steam 
Engines,  Governors,  Boilers,  IxKomotivcs,  &c     8yo.  doth,  lax. 
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Strains. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  Sheilds, 
M.  InsL  C.E.   Second  Edition,  with  5  plates.    Royal  8vo,  $s,  doth. 
CoNTBKTS. — Introductory  Remarks  ;  Beams  Loaded  at  Centre  \  Beams  Loaded  at 
onequal  distances  between  supports ;  Beams  uniformly  Loaded  ;  Girders  with  triangu- 
lar bracing  Loaded  at  centre ;  Ditto,  Loaded  at  unequal  distances  between  supports ; 
Ditto,  uniformly  Loaded ;  Calculation  of  the  Strains  on  Girders  with  triangular 
Basings;  Cantilevers;  Continuous  Girders;  Lattice  Girders;  Girders  widi  Vertical 
Sttuts  and  Diagonal  Ties;  Calculation  of  the  Strains  on  Ditto;  Bow  and  String 
Girdezs ;  Girders  of  a  form  not  belonging  to  any  regular  figure  ;  Plate  Girders  ;  Ap- 
Dortionments  of  Material  to  Strain  ;  Comparison  ot  different  Girders ;  Propottkm  of 
Length  to  Depth  of  Girders ;  Character  of  the  Work  ;  Iron  Roofs. 

ConstrucHon  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  James  Armour, 
C.E.     Woodcuts,  i2mo,  cloth  boards,  3/.  6</.  ;  doth  limp,  %i,  fki. 

^  "  A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deserving  of 
circulation  amongst  working  men." — Mining  Journals 

**  No  ironworker  who  wishes  to  acquaint  himself  with  the  principles  of  lus  own 
trade  can  afford  to  be  without  iCSouiA  Durham  Mercury. 

Power  in  Motion. 

POWER  IN  MOTION  :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
By  James  Armour,  C.E.  With  73  Diagrams.  i2mo,  cloth 
boards,  3^.  6d.  [Recently  pubUshtd. 

"  Numerous  illustrations  enable  the  author  to  convey  hfs  meaning  as  explicitly  as 
it  is  periiaps  possible  to  be  conveyed.  The  value  of  the  theoretic  and  practical  know- 
ledge imparted  cannot  well  be  over  estimated.**— ^rtMOw/^  Wuhly  CkroHicU, 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Fourth 
Edition,  revised  and  much  enlarged.      i2mo.,  cloth  boards,  5/.  dd. 

\Just  published. 
"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 

points,  while  all  material  matters  are  very  fully  and  thoroughly  entered  into.** — 

Standard, 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  m  Geodesy 
and  Practical  Astronomy,  and  Formulae  and  Tables  for  Facilitating 
their  Calculation.  By  Lieut-General  Frome,  R.E.,  late  In- 
spector-General of  Fortifications,  &c  Fourth  Edition,  Enlarged, 
thoroughly  Revised,  and  partly  Re-written.  By  Captain  Charles 
Warren,  R.E.,  F.G.S.  With  19  Plates  und  115  Woodcuts, 
royal  8vo,  price  I  dr.  cloth. 
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Hydraulics. 

HYDRAULIC  TABLES,  COEFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables,  and  General 
Information  on  Rain-fall,  Catcliment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville, 
Civil  Engmeer,  M.R.I.A.  With  numerous  Woodcuts.  Third 
Edition,  carefully  revised,  with  considerable  Additions. 

[Nearly  ready* 

Drawing  for  Engineers^  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  South  Kensington.  Second  Edition,  carefully  revised. 
With  upwards  of  300  Plates  and  Diagrams.  i2mo,  cloth, 
strongly  boimd,  4J.  dd. 
**  Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  than. 
A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engintermg.  ^ 

*'  An  indispensable   book  for   teachers  of  engineering  drawing/'  —  Meckamic^ 
Magazine, 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  m  the  Construction  of  Roads ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Fifth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8?o, 
8/.  td,  cloth.  %•  Trautvvine  on  Curves,  separate,  price  5/# 

"  One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 

itcarcdy  a  Question  connected  with  levelling  for  which  a  solution  would  be  sought  but 

tiuit  would  De  satisfactorily  answered  by  consulting  the  volume.*^— Af mm/'  JcmmaL 
'*  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  coU^ea.**— 

£t*ptit€r. 
*  jl'he  publishers  have  rendered  a  substantial  service  to  the  profession,  eqwdally  to 

the  younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work.** 

—EngiHttring. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  CE.,  and  Francis 
Cam  PIN,  C.E.     Cr.  8vo.  oblong,  5^.  cloth.  {Just  Published. 

'*  Creditable  to  both  the  authors  and   the  publishers.  .  .  .  The  way  in  which 
accuracy  is  attained,  by  a  simple  diviMon  of  eacli  cross  section  into  three  elemcots, 
iwo  of  which  are  constant  and  one  variable,  is  ingenious." — Aihemrum. 
••  Likely  to  be  of  considerable  service  to  engineers." — Building  News. 
"Pracucal  illustrations  of  the  tabulated  quantities  are  given,  which  make  the 
working  of  the  tables  easy  to  the  most  inexperienced.    The  work  is  excellently 
^ot  up,  and  the  tvpe  is  remarkably  clear  ;  and  contractors,  builders,  and  engineers  - 
khotild  net  be  without  it." — Builders*  Weekly  Re/nprter. 

"Two  additions,  one  subtraction,  and  four  multiplications,  with  the  use  of 
the  ubles,  »uffice  to  determine  the  quantity  with  considerable  acoiracy  in  any 
IMcce  of  earthwork  :  and,  as  the  tables  aie  of  pocket-book  sise  and  very  legibly 
I  jiitittd,  they  cannot  fail  to  come  into  general  use." — Mining  JoumeU. 
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Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  the  late  Thomas  Tredgold,  Mem. 
Inst  C.E.,  Author  of  "  Elementary  Principles  of  Caipcntry,"  &c. 
Fifth  Edition,  Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to 
which  are  added  EXPERIMENTAL  RESEARCHES  on  the 
STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 
By  the  Editor.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.     8vo,  12s,  cloth. 

*»•  HODGKINSON*S     EXPERIMENTAL     RESEARCHES     ON      THE 

Strength  and  Other  Properties  of  Cast  Iron  may  be  liad 
separately.    With  Engravings  and  Woodcuts.    8vo,  price  or.  cloth. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improve<i 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst.  C.E.,  &c.  &c  With  28  fine  Plates, 
8vo,  idf.  6</.  cloth. 

"A  work  like  this,  which  goes  thoroughly  into  the  examioation  of  the  high-pressure 
engine,  the  boiler,  and  its  appendages,  &c.,  Ls  exceedinely  useful,  and  deserves  a  place 
in  every  scientific  library."— vJ/ra/w  Shipping  CkronicU, 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  late 
Inspector  for  the  Manchester  Steam  Users'  Association  for  t^ie 
Prevention  of  Steam  Boiler  Explosions,  and  for  the  Attainment  of 
Economy  in  the  Application  of  Steam.  i2mo,  cloth  boards,  328 
pages,  price  6j. 

Tables  of  Curves. 

TABLES    OF  TANGENTIAL  ANGLES  and  MULTIPLES 

for  setting  out  Curves  from  $  to  200  Radius.     By  Alexander 

Beazeley,  M.  Inst.  C.E.      Printed  on  48  Cards,  and  sold  in  a 

cloth  box,  waistcoat-pocket  size,  price  3x.  6^. 

"  Each  table  is  printed  on  a  ftmall  card,  which,  being  placed  on  the  theodolite,  leaves 

Che  hands  free  to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity 

of  work.     They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  the 

pocket— an  arrangement  that  will  recommend  them  to  all  practical  men.** — Engineer. 

**  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 

cards,  which  he  puU  into  his  own  card-case,  and  leaves  the  rest  behind."— ^/A^^MrMM. 

Layhig  Out  Ctirves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  John  C.  Trautwine,  C.E. 
(Extracted  from  SixiMS's  Work  on  Levelling).     8vo,  $5.  sewed. 
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Estimate  and  Price  Book. 

THE  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE AND  PRICE  BOOK  for  Home  or  Foreign  Service  : 
in  reference  to  Roads,  Railways,  Tramways,  Docks,  Harbours, 
Forts,  Fortifications,  Bridges,  Aqueducts,  Tunnels,  Sewers,  Water- 
works, Gasworks,  Stations,  Barracks,  Warehouses,  &c.  &c  &c. 
With  Specifications  for  Permanent  Wa^,  Tel^raph  Materials, 
Plant,  Maintenance,  and  Working  of  a  Railway ;  and  a  Priced  List 
of  Machinery,  Plant,  Tools,  &c  By  W.  D.  Haskoll,  C.E. 
Plates  and  Woodcuts.  Published  annually.  8vo,  cloth,  6x. 
"  As  furnishtns  a  variety  of  data  on  every  conceivable  want  to  dvU  engineers  and 
contractora,  this  book  has  ever  stood  perliaps  unrivalled."— ylirA/^rc/. 

Surveying  (Land  and  Marine), 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns*  Water  Supplies,  Docks  and  Harbours ;  with  DescrijptioD 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.  K, 
Author  of  **  The  Engineer's  Field  Book,"  "  Examples  of  Bridge 
and  Viaduct  Construction,"  &c.  Demy  8vo,  price  izr.  6d,  doth, 
with  14  folding  Plates,  and  numerous  Woodcuts. 
**  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student    ....    We 

can  stnmely  recommend  it  as  a  carefully-written  and  valuable  lexXrhwiW,** -^Builder, 
**  Mr.  Haskoll  has  knowledge  and  experience,  and  can  so  give  expression  to  it  as 

to  msJce  any  matter  on  which  he  writes,  dear  to  the  youngest  pupil  in  a  surveyor** 

office."— Ctftfilw  Gtutrdian. 

'*  A  volume  which  cannot  fail  to  prove  of  the  utmost  practical  utility It 

is  one  which  may  be  safely  recommended  to  all  students  who  aspire  to  become  dean 

and  expert  surveyors." — Mining  Joumai. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORX, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  Haskoll,  C.  E.  Numerous  folding  Plates.  Demy  8vo,  2 
vols,  in  one,  cloth  boards,  i/.  is.  (published  at  2/.  4X.) 

Minings  Surveying  and  Valuing, 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Ex{>osition  of  the  Correct  Principles 
of  Lapng  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties:  to  which  is  appended  M.  THOMAN'S  (of 
the  Cr^it  Mobilier,  Paris)  TREATISE  on  COMPOUND  IN- 
TEREST  and  ANNUITIES,  with  LOGARITHMIC  TABLES. 
By  William  Lintern,  Mining  and  Civil  Engineer.  i2mo, 
strongly  bound  in  cloth  boards,  with  four  Plates  of  Diagrams, 
Plans,  &c ,  price  iqj'.  6</. 
"  Contains  much  valuable  information  given  in  a  small  compass,  and  which,  as  Ux 

as  we  have  tested  it,  is  thoroughly  trustworthy." — Iron  and  Coal  Trades  Revuro, 
**  The  matter,  arrangement,  and  illustration  of  this  work  are  all  excellent,  and  make 

it  one  of  the  best  of  its  kind." — Standard, 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handiomely  printed,  544  pp.,  demy  8vo,  price  i/.  \s,  cloth. 
"We  can  most  heartily  commend  this  book.   ....     It  is  really  the  only  English 

work  we  now  have  upon  the  subject." — Engmeering, 
"  We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  tn> 

terested  in  fires,  fire-engines,  or  fire-brigades." — Meckattic^  MagaxtKe, 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
i2mo.  Wim  an  Atlas  of  Plates,  containing  235  Illustrations.  4to. 
Together,  price  9/.  cloth  boards.  [Recently  ptblisheif. 

"  Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordinate  officials  in 

mines,  and  even  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical 

knowledge  and  useful  hints  by  the  study  of  Mr.  Morgams's  Manual.'' —  CoUury 

Guardian. 

"A  verv  valuable  work,  which  will  tend  materially  to  improve  our  mining  litcr*- 

tm^J'-^Mmittg  yourmai. 

Gas  and  Gasworks. 

A  TREATISE  on  GASWORKS  and  the  PRACTICE  of 
MANUFACTURING  and  DISTRIBUTING  COAL  GAS. 
By  Samuel  Hughes,  C.E.  Third  Edition,  revised  by  W. 
Richards,  C.E.  With  68  Woodcuts,  bound  in  cloth  boards, 
i2mo,  price  \s. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.  By  Samuel  Hughe.s, 
F.G.S.,  Civil  Engineer.  New  and  enlarged  edition,  i2mo,  doth 
boards,  with  numerous  Illustrations,  price  5^. 
"  One  of  the  most  convenient,  and  at  the  same  time  reliable  works  on  a  subject, 
the  vital  importance  of  which  cannot  be  over-estimated." — Bra4ford  Observer. 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.  By 
Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  New 
edition,  revised  and  corrected.  i2mo.,  cloth  boards,  with  nume- 
rous Illustrations,  price  4r.  6</. 


'*  Evcrv  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outlme  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  a< 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 


large  number  of  readers." —  Mining  youmal. 

''Certainly  experimental  skill  and  rule-of-thumb  practice  would  be  greatly  en* 
riched  by  the  addition  of  the  theoretical  knowledjje  and  scientific  information  which 
Mr.  Warington  Smyth  conmunicates  in  combination  with  the  results  of  his  own  ex- 
perience and  personal  research.*'— C^Z/Arryr  CuardioH. 
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Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  By  W.  Davis  Haskoll,  Civil 
Engineer.  Tliird  Edition,  much  enlarged,  consisting  of  a  Scries 
of  Tables,  with  Rules,  Explanations  of  Systems,  and  Use  of  Theo- 
dolite for  Traverse  Surveying  and  Plotting  the  Work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only ;  Levelling 
with  the  Theodolite,  Castmg  out  and  Reducing  Levels  t6  Datum, 
and  Plotting  Sections  in  the  ordinary  manner;  Setting  out  Curves 
with  the  Theodolite  by  Tangential  Angles  and  Multiples  with  Right 
and  Left-hand  Readmes  of  the  Instrument;  Setting  out  Curves 
without  Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of 
Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  cal- 
culated for  every  6  inches  in  depth.  With  numerous  wood-cuts, 
i2mo,  price  I2J.  cloth. 

**  A  very  useful  work  for  the  practical  enj^necr  and  surveyor.  Every  person 
ensneed  in  engineering  field  operations  will  estimate  the  importance  of  such  a  work 
and  dif  Amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable 
tables  prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume.**— i?a</* 
way  Neivs. 

"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  fur  many  other  purposes,  the 
genuine  traverse  tables  existmg  all  the  same." — At/urutum, 

**  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.— A/miif^r 

**  We  strongly  recommend  this  second  edition  of  Mr.  HaskoU's  '  Field  Book'  to  all 
classes  of  fnirveyors.**^^ciiury  CuardioM, 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Alex.  T.  S.  Graham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.     i8mo,  2J.  6r/.  doth. 

*  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 

'~ray  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth 

:  will  find  a  great  amount  of  practical  information  very  admiraUy  arranged,  and 


railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth 
work  will  find  a  great  amount  of  practical  information  very  admiraUy  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices."— /fr/«w«. 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS  :  A 
Treatise  on  Maritime  Engineering.  By  Thomas  Stevenson, 
F.R.S.E.,  F.G.S.,  M.I.C.E.  Second  Edition,  containing  many 
additional  subjects,  and  other^vise  generally  extended  and  revised. 
With  20  Plates  and  numerous  Cuts.     Small  4to,  15J.  cloth. 

Mathematical  and  Drawing  Instrtiments. 

A  TREATISE  ON  THE  PRINCIPAL  MATHEMATICAI. 
AND  DRAWING  INSTRUMENTS  employed  by  the  Engineer^ 
Architect,  and  Surveyor.  By  Frederick  W.  Simms,  KL  Inst. 
C.E.,  Author  of  **  l*ractical  Tunnelling,"  &c.  Third  Edition,  with 
numerous  Cuts.     i2mo,  price  3^.  6d.  doth. 
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Bridge  Construction  in  Masonry^  Timber y  &  Iron. 

EXAMPLES   OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consistinc:  of 
46  Plates  from  the  Contract  Dra^vings  or  Admeasurement  of  select 
Works.     By  W.  Davis  Haskoll,  C.E.     Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.     Imp.  4to,  price  2/.  I2J.  teU 
half-morocco. 
**  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  every-day  practice  of  Uie  railway  engineer.  ...  A  work  of 
the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invaluable  to 
hundreds.    The  tables  of  estimates  appended  to  this  edition  wiU  considerably  enhance 
its  value."— ^«/«>/rrr»'«^. 

Mathematical  Instruments^  their  Construction^  &c. 

MATHEMATICAL  INSTRUMENTS  :  their  CONSTRUC- 
TION, ADJUSTMENT,  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveying,  and  Astronomical  Instru- 
ments. Bv  J.  F.  Heather,  M.A.,  Author  of  "Practical  Plane 
Geometry,^'  "Descriptive  Geometry,"  &c  Enlarged  Edition,  for 
the  most  part  entirely  rewritten.  With  numerous  Wood-cuts. 
i2mo,  cloth  boards,  price  5^. 

Obtique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  EdiUon,  with 
Plates.     Imperial  8vo,  price  &r.  cloth. 

Obtique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.K     Imperial  8vo,  I2j.  cloth. 

"  The  standard  text-book  for  all  engineers  nqpirding  skew  arches,  is  Mr.  Buck's 
treatise,  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

Pocket-Book  for  Marine  Engineers. 

A  POCKET  BOOK  FOR  MARINE  ENGINEERS.  Con- 
taining  useful  Rules  and  Formulae  in  a  compact  form.  By  Frank 
Proctor,  A.I.N.A.  Second  Edition,  revised  and  enlarged. 
Royal  32mo,  leather,  gilt  edges,  with  strap,  price  4J. 
''We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  want."^ 
Naval  Science. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette, 
"Scarcely  anythmg  required  by  a  naval  engineer  appears  to  have  been  for* 
gotten.— /n7«. 

"  A  very  valuable  publication  ...  a  means  of  saving  much  time  and  laboiir.**— 
New  York  Monthly  Record. 

Wealis  Dictionary  of  Terms. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCH/EOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fourth  Edition,  enlarged  and  revised  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  "  Ure's  Dictionary  of  Arts," 
&c     i2mo,  cloth  boards,  price  6x. 


14         WORKS  PUBLISHED  BY  LOCKWOOI>  ft  CO. 


Grantham  s  Iron  Skip-Building,  enlarged. 

ON  IRON  SHIP-BUILDING;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Impu  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Toother 
with  separate  Text,  i2mo,  cloth  limp,  also  considerably  enlaiged. 
By  John  Grantham,  M.  Inst.  C.E.,  ftc.  Price  2/.  zs.  complete. 
Description  0/  Plates. 

X53.  Double  Lever  Punching  and  Shearinf^ 
Machine,     arranged     for    cutting 


1.   Hollow  and  Bar  Keds,  Stem  and 

Stem  Posts.  [Pieces. 

a.    Side  Frames,   Floorinss,  and  Bilge 

3.  Floorings  r<m/(«Mn/— Keelsons,  Deck 

Beams,  Gunwales,  and  Stringers. 

4.  Gunwales  amtintud —  Lower  Decks, 

and  Orlop  Beams. 
4«.  Gunwales  and  Deck  Beam  Iron. 

5.  Angle-Iron,   T  Iron,    Z  Iron,  Bulb 

Iron«  as  KoUed  for  Building. 
6w    Rivets,  shown  in  section,  natural  size ; 
Flusn   and    Lapped   Joints,    with 
Single  and  Double  Riveting. 

7.  Plating,  three  plans ;  Bulkheads  and 

Mo<tes  of  Securine  them. 

8.  Iron  Masts,  with  Longitudinal  and 

Transverse  Sections. 

9.  SlidingKeel,  Water  Ballast, Moulding 

the  Frames  in -Iron  Ship  Building, 
Levelling  Plates. 

la  Longitudinal  Section,  and  Half- 
breadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scale. 

zx.    Midship  Sections  of  Three  Vessels. 

la.  Large  Vesuit  showing  Details — Fore 
End  in  Section,  and  End  View, 
with  Stem  Post,  Cmtches,  &c. 

13.  Zafye  K«w*/,  showing  Details— ./4/?rr 

End  in  Section,  with  End  View, 
Stem  Frame  for  Screw,  and  Rudder. 

14.  JLar^  Vessel t  showing  Details— ^«(^ 

thtp  SectionAaSd  breadth. 

15.  Machines  for  Funchine  and  Shearing 

Plates   and    Angle-Iron,    and    for 
Bending  Plates  ;  Rivet  Hearth. 
xstf.  Beam-Bending    Machine,    Indepen- 
dent Shearing,  Punchingand  Angle- 
Iron  Machine. 


Angle  and  T  Inm,  with  Dividing 

Table  and  Engine. 
x6.    Machines. — Garforth's  Riveting  Ma- 

diine,  Drilling  and  Counter-Smking 

Machine. 
x6a.  Plate  Waning  Machine. 
x^.   Air  Furnace  for  Heatins  Plates  and 

Aai^Ixon:  Various  Tools  used  in 

Ritrecing  and  Plating. 

18.  Gunwale ;  Keel  and  Flooring ;  Plan 

for  Sheathing  with  Copper. 
zSo.  Grantham's  Improved  Pfan of  Sheath- 
ing Iron  Ships  with  Coppur. 

19.  Illustrations  of  the  Mag[netic  Condi- 

tion of  various  Iron  Ships. 

ao.  Giay's  Floating  Compass  and  Bin- 
nacle, with  Adjusting  Mafnets,  &c. 

ax.  Corroded  Iron  B<4t  in  Frame  of 
Wooden  Ship  ;  Jointing  Plates. 

32^4.  Great  Eastern — Longitudinal  Sec- 
tions and  Half-breadm  Plans — Mid- 
ship Section,  with  Details — Section 
in  Engine  Room,  and  Paddle  Boxes. 

25-6.  Paddle  Steam  Vessel  of  Steel. 

37.    Scarbrough—VzAdit  Vessel  of  Steel. 

38-9.  Proposed  Passenger  Steamer. 

y>.   PersutH — Iron  Screw  Steamer. 

3X.  Midship  Section  of  H.M.  Steam 
Frigate,  IVarricr. 

32.  Mid&hip   Section   of    H.M.    Steam 

Frigate,  HercttUs. 

33.  Stem,   Stem,   and  Rudder  of  H.M. 

Steam  Frigate,  Bellerophon. 

34.  M  idship  Section  of  H.  M.  Troop  Ship, 

Serajkis. 

35.  Iron  Floating  Dock. 


"  A  thoroughly  practical  work,  and  every  question  of  the  many  in  relatioa  to  iron 
shipping  which  admit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 
interests  attached  to  them,  is  treated  with  sober  and  impartial  wisdom  and  good  sense. 
....  As  good  a  volume  for  the  instmction  of  the  pupil  or  student  of  iron  naval 
ardiitecture  as  can  be  found  in  any  language." — Practual  Mechania^  Jemrnal. 

"  A  very  elaborate  work.  ...  It  forms  a  most  valuable  addition  to  the  history 
of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  for  many  years,  and  whose  qualincations  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding."— u4n«rx 
emd  Navy  Gazette. 

Steam, 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.    By  an  Engineer. 

N.  B. — This  little  work  should  be  in  the  hands  of  ez*ery  persott 
having  to  deiil  with  a  Steam  Engine  of  any  kind. 
*|  If  steam-users  would  but  leam  this  little  book  bv  heart,  and  then  hand  it  to 
their  stokers  to  do  the  same,  and  see  that  the  latter  do  it,  boiler  explosions  would 
become  sensations  by  their  n3nXy,**-~'EngUsh  Mechanic, 
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ARCHITECTURE,   &C. 

> 

Construction. 

THE  SCIENCE  of  BUILDING :  an  Elementary  Treatise  on 

the  Principles  of  Construction.     By  E.  Wyndham  Tarn,  M.  A., 

Architect.     Illustrated  with  47  Wood  Engravings.     Demv  8vo, 

price  &f.  6</.  cloth.  \Recently  tublishid, 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students."— J9»i/i£rr. 

*'  While  Mr.  Tam*s  valuable  little  volume  is  quite  sufficiently  scientific  to  answer 

the  purposes  btended,  it  b  written  in  a  style  that  will  deservedly  make  it  popular. 

llie  diagrams  are  numerous  and  exceedingly  well  executed,  and  the  treatise  does 

credit  aluce  to  the  author  and  the  publisher. '^i?»/M^^r. 

'*  No  architectural  student  should  be  without  this  hand-book  of  constructjonal 
knowledse." — A  rchiUci. 

"The  Dook  is  very  far  from  being  a  mere  comjnlation  ;  it  is  an  aUe  digest  of 
information  which  is  only  to  be  founa  scattered  through  various  works,  and  contains 
more  really  original  writing  than  many  piittmg  forth  far  stronger  claims  to  originality." 

Beaton's  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners*  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  *  Quantities  and 
Measurements.'   33  Woodcuts.     Leather,  waistcoat-pocket  size.  2x. 

Beaton's  Builders' and  Surveyors'  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  ki 
all  the  Building  Trades,  with  a  Treatise  on  the  Measurement  of 
Timbers,  and  Complete  Specifications  for  Houses,  Roads,  and 
Drains.  By  A.  C.  Beaton,  Author  of  *  Quantities  and  Measure- 
ments.' With  19  Woodcuts.   Leather.    Waistcoat-pocket  size.  2s. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  beinff  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of 
England,"  &c  First  Series,  consisting  of  30  Plates ;  Second 
Series,  31  Plates.  Complete  in  I  vol.  4to,  price  2/.  loj.  half 
morocco.  Either  Series  separate,  price  i/.  7j.  each,  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 

architect,  and  they  will  prove  very  valuable  and  suggestive  to  architects,  students,  and 

amateun.**— JS^au/dEMt^  Ntwt. 

The  Architect's  Guide. 

THE  ARCHITECTS  GUIDE ;  or.  Office  and  Pocket  Com- 
panion  for  Engineers,  Architects,  Land  and  Building  Surveyors, 
Contractors,  Builders,  Clerks  of  Works,  &c  By  W.  Davis 
Haskoll,  C.E.,  R.  W.  Billings,  Architect,  F.  Rogers,  and 
P.  Thompson.  With  numerous  Experiments  by  G.  Ren n IE, 
C.E.,  &C     Woodcuts,  i2mo,  cloth,  price  y,  dd. 
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Architecture,  Amient  and  Modern. 

RUDIMENTARY  ARCHITECTURE,  Ancient  and  Modem. 
Consisting  of  VITRUVIUS,  translated  by  JOSEPH  GwiLT, 
F.S.A.,  &c.,  with  23  fine  copper  plates;  GRECIAN  Archi- 
tecture, by  the  Earl  of  Aberdeen  ;  the  ORDERS  of 
Architecture,  by  W.  H.  Leeds,  Esq. ;  The  STYLES  of  Archi- 
tecture of  Various  Countries,  by  T.  Talbot  Bury;  The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  Garbett. 
In  one  handsome  volume,  half-bound  (pp.  i,  100),  copiously  illus- 
trated, price  I2f. 

*,*  Sold  separately,  in  two  vols.^  as  follorics,  price  6s,  each,  kf,-bd, 

ANCIENT    ARCHITECTURE.      Containing  GwUt*s    Vitravius 
and  Aberdeen's  Grecian  Architecture. 

N.  B.  -  This  is  th^  only  edition  of  VITRUVIUS  procurabU  at  a 
moderate  price. 

MODERN  ARCHITECTURE.    Containing  the  Orders,  by  Leeds  ; 
The  Styles,  by  Bury ;  and  Principles  of  Design,  by  Garbett 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c. 
New  Edition,  revised  and  enlarged.  By  G.  Huskisson  Guil- 
LAUMK,  Architect.  With  numerous  illustrations.  i2mo.  cloth 
boards,  4^.  \yust  Published, 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 

BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 

By  George  Pyne,  Author  of  a  "  Rudimentary  Treatise  on  Per- 

spective  for  Beginners."    With  14  Plates,  4to,  Ts,  6d,,  boards. 

CoNTBNTS.— I.  Practical  Rules  on  Drawing— Outlines.    II.  Ditto— the  Grecian 

and  Roman  Orders.     III.  Practical  Rules  on  Drawing— Perspective.   IV.  Pkactical 

Rules  on  Li^^ht  and  Shade.    V.  Practical  Rules  on  Colour,  &c  &c. 

Cottages,  Villas,  and  Country  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES ;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  i/.  I/.,  cloth. 

Builders  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK— with  which  is  incorporated  Atchley's,  and  por- 
tions of  the  late  G.  R.  Burnell's  Builders'  Price  Books— for  1875, 
containing  the  latest  prices  of  all  kinds  of  Builders'  Materials  and 
Labour,  and  of  all  Trades  connected  with  Building;  with  many 
useful  and  important  Memoranda  and  Tables  ;  Lists  of  the  Mem- 
bers of  the  Metropolitan  Board  of  Works,  of  Districts,  District 
Officers,  and  District  Surveyors,  and  the  Metropolitan  Bye-laws. 
The  whole  revised  and  edited  by  Francis  T.  W.  Miller,  Archi- 
tect and  Surveyor.     Fcap.  8vo,  strongly  half-bound,  price  4/. 
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Handbook  of  Specifications. 

THE  HAXDBOOK  OF  SPECIFICATIONS;  or,  Pradiaa 
Guide  to  the  Ardiitect,  Engineer,  Sarreror,  and  Builder,  in  drawing 
np  Specifications  and  Contracts  for  Works  and  Constructions. 
Dlustrated  by  Precedents  of  Buildings  actually  executed  ^  eminent 
Arckitects  and  En^eers.  Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  Sp^fications  and  Contracts,  &c,  &c,  and  explained 
by  numerous  Lithograph  Plates  and  Woodcuts.  By  Professor 
Thomas  L.  Donaldson,  President  of  the  Royal  Institute  of  British 
Aidiitects,  Professor  of  Architecture  and  Construction,  University 
College,  London,  M.LRA.,  Member  of  the  various  European 
Academies  of  the  Fine  Arts.  With  A  Rsvisw  OP  THB  Law  of 
Contracts,  and  of  the  Responsibilities  of  Architects,  Engineers, 
and  Builders.  By  W.  Cunningham  Glen,  Barrister-at-Law,  of 
the  Middle  Temple.  2  vols.,  Svo,  with  upwards  of  iioo  pp.  of 
text,  and  33  Lithographic  Plates,  cloth,  2/.  2f.    (Published  at  4/.) 

"  In  these  two  volumes  of  x,ioo  pa^  'together^  forty-four  specifications  of  executed 
works  are  given,  induding  the  spearcations  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Charles  Barry,  and  for  the  new  Ro>'al  Exchan^,  by  Mr.  Tite,  M.P. 

**  Amon^  the  other  known  buildings,  the  specifications  of  which  are  gi^Tn,  art 
Che  Wiltshire  Lunatic  Asylum  (Wyau  and  Brandon) :  Todiill  Fields  Prison  (R.  Abra> 
ham)  ;  the  City  Prison,  UoUoway  (Bunning) :  the  High  School,  Edinburgh  (Hamilton) ; 
Oothworkers^ Hall.  London  (Angel) :  Welltngtoa  College,  Sandhurst  (I.  Shaw) ; 
Houses  in  Grosvenor  Square,  and  elsewhere :  St.  George's  Church.  lOoncasltr 
(Scott; ;  several  works  of  smaller  sixe  by  ihe  Author,  including  Messrs.  SKaw's  Wart- 
house  in  Fcuer  Lane,  a  vciy  successful  elevation  ;  the  Newcastle-Aipon-lVne  Railway 
Station  J.  Dobson)  ;  new  Westminster  Bridse  (Page^ ;  the  High  Level  Bridge,  Ntw- 
castle  (R.  Stephenson}  ;  various  works  on  the  Great  Northern  Railway  (Brydonc] ; 
and  one  French  specification  for  Houses  in  the  Rue  de  Rivoli,  IHuris  (KIM.  Armand, 
Hittorff.  Pellechet,  and  Rohault  de  Fleury,  architects).  The  minority  of  the  specifi- 
cations have  iUutrations  in  the  shape  of  elevations  and  pUns. 

"  About  Z40  pages  of  the  second  volume  are  appropriated  to  an  exposition  of  the 
law  m  relation  to  the  legal  liabilities  of  engineers,  architects,  contractors,  and  builders, 
hy  Mr.  W.  Cunningham  Glen,  Barrister-at*law.  Donaldson's  Handbook  of  Spe> 
cificatioQS  must  be  bought  by  all  architects."— iSiMiUlrr. 

Specificatiofis  for  Practical  Architecture. 

.SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTUKK: 
A  Guide  to  the  Architect,  Engineer,  Sun'eyor,  and  Duildcr ;  with 
an  Essay  on  the  Structure  and  Science  of  Modem  Buildings.  Hy 
Frederick  Rogers,  Architect.  With  numerous  Illustrations. 
Demy  Svo,  price  15X.,  doth.     (Published  at  i/.  lOj.) 

*«,*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above.  Some  of  the  specifications  he  has  so  altered 
as  to  bring  in  the  now  universal  use  of  concrete,  the  improvements  in  drainage,  the 
use  of  iron,  glass,  asphalte,  and  other  material.  He  has  also  inserted  specifications 
of  works  that  have  been  erected  in  his  own  practice. 

The  Hotise-Owner's  Estimator 

THE  HOUSE-OWNER'S  ESTIMATOR;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Rep.iir?  A  Price-Book  adapted  to  the 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  James  I).  SiMON,  A.R.I  B.  A. 
Edited  and  Revised  by  Francis  T.  W.  Miller,  Surveyor.  With 
numerous  Illustrations.  Second  Edition,  with  the  prices  carefully 
revised  to  1875.     Crown  Svo,  cloth,  price  3/.  dd. 
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CARPENTRY,,  TIMBER,  &C. 

TredgohTs  Carpentry^  new,  enlarged^  and  cheaper 
Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Fnuning,  the 
Resistance  of  Timber,  and  the  Construction  of  FloofS»  Arches, 
Bridges,  RooEs,  Unitii^  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  ftc., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Buflding ;  also 
nmneroos  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  GniTities  of  Materi^  &c  By  Thomas  T&xdgou)^ 
C.E.  Edited  by  Petxr  Barlow,  F.R.S.  Fihh  Editioo,  cor- 
rected  and  enlarged.  With  64  Plates  (i  i  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcnts.  In 
I  vol.,  4to,  published  at  2/.  2/.,  reduced  to  1/.  5/.,  doth. 

** '  Tredi^okr s  Carpentry'  oim^  to  be  in  ercry  ardiitectfs  nd  every  bnildef's 
librarvp  and  those  wbo  do  not  a£ready  poaiess  it  ought  to  avail  tfaenudves  of  dw  new 
iMue.  ^—BuiLUr. 

"A  work  whose  moonmental  excdlence  ^ntst  commend  it  wheiever  ddUbl  cat^ 
|>entry  it  concerned.  The  Author's  principles  are  rather  confirmed  than  inqmired  by 
timep  and,  as  now  presented,  combine  the  surest  base  with  the  most  interesti«r  display 
of  progressive  science.    The  additional  plates  are  of  great  intrinsic  valne.**— ^simmv 

Grundy's  Timber  Tables. 

THE   TIMBER   IMPORTER'S,   TIMBER  MERCHANT'S, 

and  BUILDER'S    STANDARD  GUIDE.      By  Rickard  K. 

Grandy.     Comprising  : — An  Analysis  of  Deal  Standards,  Home 

and  Foreign,  witn  comparative  Values  and  Tabular  Arrangements 

for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 

including  all  intermediate  Expenses,  Freight,  Insurance,  Duty,  &&, 

&C.  ;  together  with  Copious  Information  for  the  Retailer  and 

Builder.     i2mo,  price  7j.  6</.  cloth. 

"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweisht,  a  host  of  material  concerning  bricks,  cohunns, 

cisterns,  &c.— all  that  the  dass  to  whom  it  ajppeals  requires."— ^Mr/iifA  Mtektmic, 

"  The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  What  we  have  tested 
of  the  contents,  taken  at  random,  is  invariably  correct." — lUustraied Buildn^tyaumal. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Soperfidal 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  William  Richardson,  Accountant. 
Oblong  4to,  cloth,  price  3/.  6d, 
"Will  save  much  labour  and  caloilation  to  packing-case  makers  and  those  who  «m 
packing-cases." — Grocer,  '*  Invaluable  labour-saving  tables."— >/fvmMM!firr. 

Nicholson's  Carpenter's  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Pktkr  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.     With  74  Plates,  4to,  l/.  ix.  doth. 
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Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersbuigh  Standard 
Hundred ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Sc^uare  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  ^ven  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  mformation.  By  William  Dowsing, 
Timber  Merchant.  Second  Edition.  Crown  8vo,  3^.  cloth. 
"  EvoTthing  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it" — Hull  Advertiur, 

Timber  Freight  Book, 

THE  TIMBER  IMPORTERS*  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  William 
Richardson,  Timber  Broker,  author  of  **  Packing  Case  Tables," 
&c.     Crown  8vo,  cloth,  price  6s, 
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Morton's  Measurer. 

THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment of  Boards,   Glass,  &c.,  &c.  ;  Unequal-sided,   Square-sided, 
Octagonal-sided,  Round  Timber  and  Stone,  and  Standing  Timber. 
With    just   allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hewing  tne  trees, 
&C. ;  also  a  Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided    column.      Compiled  for  the 
accommodation  of  Timber-growers,  Merchants,   and   Surveyors, 
Stonemasons,   Architects,   and  others.     By  Richard  Horton. 
Second  edition,  with  considerable  and  valuable  additions,  l2mo, 
strongly  bound  in  leather,  y, 
"The  office  of  the  architect,  engineer,  building  surveyor,  or  land  agent  that  is 
without  this  excellent  and  useful  work  cannot  truly  be  considered  perfect  in  its 
fumishine." — Irish  Builder. 

*'  We  have  used  the  improved  and  other  tables  in  this  volume,  and  have  not 
observed  any  unfairness  or  maccuracy.  "* — Builder. 

"The  tables  we    have  tested  are  accurate To  the  builder  and  estate 

agents  this  work  will  be  most  accepuble."— i//V/wA  Architect. 

"Not  only  are  the  best  methods  of  measurement  shown,  and  in  some  instances 
illustrated  by  means  of  woodcuts,  but  the  erroneous  systems  pursued  by  dishonest 
dealers  are  fully  exposed llie  work  must  be  considered  to  be  a  valuable  addi- 
tion to  every  gardener's  library.— 6'<»rr/«'«. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  I  to  2CX>  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
Engineers,  Timber  Merchants,  Builders,  &c  By  James  Haw- 
KINGS.     Fcp.  3J.  dd.  cloth. 
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Mechanics  Workshop  Companion. 

THE  OPERATIVE  MECHANICS  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL  ASSISTANT  ;  comprising  a  great  variety  of  the  most 
osefiil  Rules  in  Mechanical  Science ;  with  nnmerous  Tables  of  Piac- 
dcal  Data  and  Calculated  Results.  Bj  W.  Tem  pleton,  Anthor 
of  "The  Engineei's,  Millwright's,  and  Machinist's  Practical  As- 
sistant" Eleventh  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  ftc. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydrauiics  and  Hydrodvnamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.     II  Plates.    i2mo,  5/.  bound. 

"  As  a  text-book  of  reference,  in  which  mechanical  and  comnerdal  diminili  are 
judiciously  met,  Tbmpleton's Companion  stands  unri  vailed. ^'-^MttkamMMagoMme, 

**  Admirably  adapted  to  the  wants  of  a  rery  bri^e  class.  It  has  met  witt  great 
aucccvi  in  the  engineering  workshop,  as  we  can  testify :  and  diere  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work."— ^«a2dttv  Alraof. 

Engineef^s  Assistant. 

THE  ENGINEER'S,  MILLWRIGHTS,  and  MACHINIST'S 
PRACTICAL  ASSISTANT ;  comprising  a  Cpllection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  W.  Templeton.     5th  Edition.    i8mo,  zr.6</.  doth. 

"  So  much  varied  information  compressed  into  su  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers. — Meckanics'  Magazine, 

"  Every  mechanic  shotild  become  the  possessor  of  the  volume,  and  a  more  mitaUe 
present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made." 
--Building  Neiut. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEA- 
SURING,  and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  brinfi;ing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Matenals  in  the  re« 
spective  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments.    By  E.  Wyndham  Tarn,  M.A.,  8vo,  lor.  fid,  doth. 

*'  This  useful  book  should  be  in  every  architect's  and  builder's  office.  It  oootuna 
a  vast  amount  of  information  absolutely  necessary  to  be  known." — Tlu  Iritk  Builder, 

**  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  cat* 
cavating  foundations  to  bell-hanguig,  that  n  not  fully  treated  upon  in  this  valuable 
work."—  Th*  A  rtizan, 

**  Mr.  Tarn  has  well  performed  the  task  imposed  upon  him,  and  has  made  many 
further  and  valuable  additions,  embodying  a  large  amount  of  informatiiMi  relating  lo 
the  technicalities  and  modes  df  construction  employed  in  die  sevml  brandies  of  the 
building  trade.'* — CoUiery  Guardian, 

**  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  titlc^iage,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  oompded.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  tiaefufaiea  of  the  work,  mid 
have  especially  augmented  WaviVwlo  %v>jAtx>xa:*— Efigtkerrav. 
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MATHEMATICS,  &c. 

Gre^or/s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.     Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.     Part  I. 
Pure  Mathematics— comprismg  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general, 
Statics,    Dynamics,    Hydrostatics,    Hydrodynamics,    Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.     With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.     By  Olinthus  Gregory, 
LL.  D. ,  F.R.  A.  S.     Enlarged  by  H  en  ry  Law,  C.  E.     4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College  ;  Author  of  **  A  Course  of 
Mathematics,"  Ac    With  13  Plates.     Medium  8vo,  i/.  ix.  doth, 
•*  As  a  standard  work  on  mathematics  it  has  not  been  excelled."— ^r//«tf#«. 
"  ITie  enfcineer  or  architect  wfll  here  find  ready  to  his  hand,  rules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.    As  a  moderate  acquaint- 
ance with  arithmetic,  alsebra,  and  elementary  geometry  is  absolutely  necessary  to  the 
proper  understanding  of  the  most  useful  portions  of  this  book,  the  author  very  wisdy 
has  devoted  the  first  tlu^e  chapters  to  those  subjects,  so  that  the  most  ignorant  may  be 
enabled  to  master  the  whole  of  the  book,  without  aid  from  any  other.    The  rules  are  m 
all  '-ascs  explained  by  means  of  examples,  in  which  every  step  of  the  process  is  dearly 
worked  out" — Builder. 

"  One  of  the  most  serviceable  books  to  the  practical  mechanics  of  the  country.  .  . 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  hands  of  Mr.  Law,  who 
revised  it  thoroughly,  re-wrote  many  chapters,  and  added  several  sections  to  those 
which  had  been  rendered  imperfect  by  advanced  knowledge.  On  examininff  the  various 
and  many  improvements  which  he  introduced  into  the  work,  they  seem  sumost  like  a 
new  structure  on  an  old  plan,  or  rather  like  the  restoration  of  an  old  ruin,  not  only  to 
it*  former  substance,  but  to  an  extent  which  meets  the  larger  requirements  of  modern 
times.  ....  In  the  edition  just  brought  out,  the  work  has  again  been  revised  by 
Professor  Young.  He  has  modernised  the  notation  throughout,  introduced  *  »*'' 
paragraphs  here  and  there,  and  corrected  the  numerous  typographical  errors  whidi 
have  escaped  the  eyes  of  the  former  Editor.    The  book  is  now  as  complete  as  it  is 

possible  to  make  it We  have  carried  our  notice  of  this  book  to  a  greater 

length  than  the  space  allowed  us  justified,  but  the  experiments  it  contains  are  so 
interestm^,  and  the  method  of  describing  them  so  clear,  that  we  may  be  excused  for 
overstepping  our  limit.  It  is  an  instructive  book  for  the  student,  and  a  ^^^' 
book  for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refresh  his  memory  upon  them."— ^M'iUf/f^  News. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  SjTStem  at  present  in  use  on  the  Continent  By  C.  H, 
DowLiNG,  C.  E.  Second  Edition,  revised  and  enlarged,  8vo, 
lor.  dd,  strongly  bound. 
••  Mr.  DowUng's  Tables,  which  are  well  put  together,  come  just  in  time  at  a  ready 
reckoner  for  the  conversion  of  one  system  into  the  other."— >4Mrmn(M. 

"  Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astrooomer-Royal.''— 
Bnilder. 

"  Resolution  8.— That  advantage  will  be  derived  from  the  recent  publication  of 
Metric  Tables,  by  C  H.  Dowling,  Q.'E^^^^RePitrt  iff  Section  F^  Brititk  Attoeiatwn, 
Baik, 
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Inwoocfs  Tables y  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Frediold, 
Copyhold,  or  Leasehold;  AimuHies,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colkses,  or 
other  coiporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Vahiing  Reversionary  Estates,  Deferred  Annnities,  Next 
Presentations,  &c,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  Inwood,  Architect  The  19th  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count.  Annuities,  &c.,  by  M.  FtooR  Thoman,  of  the  Soci^ 
Credit  MobiUer  of  Paris.     l2mo,  &r.  cloth. 

%•  This  edition  {the  19M)  differs  in  many  important  pasrHadars 
from  former  ones,  J^he  changes  consist^  first,  in  a  more  comvemumt 
and  systematic  arrangement  of  the  original  Tables^  and  in  the  removal 
of  certain  numerical  errors  which  a  very  careful  remsion  of  the  whale 
has  enabled  the  present  editor  to  discover;  and  secondly,  in  the 
extension  of  practiced  utility  conferred  on  the  worh  by  the  inhroduetkm 
of  Tables  now  inserted  for  the  first  time.  This  new  and  important 
matter  is  all  so  much  actually  added  to  In  wood's  Tablss  ;  natka^ 
has  been  eUfstracted from  the  original  collection :  so  that  those  who  have 
been  long  in  the  habit  of  consulting  In  WOOD  for  any  special  prof es" 
sional  purpose  will^  as  heretofore^  find  the  infomuUion  sought  stUl  in 
ttspages, 

'*  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  die  a<yiiHiwf  of 
compensatian  cases,  as  well  as  in  transactions  in  annuities.  Life  inmrancfft,  ftc,  vill 
find  the  present  edition  of  eminent  service."— ^MjciiiMrriM^. 

Geometry  for  the  Architect^  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  giving  Rules  for  the  Delineation  and  ApplicatioQ  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E,  W.  TARN, 
M. A.,  Architect,  Author  of  "  The  Science  of  Buildii^"  &c 
With  164  Illustrations.     Demy  8vo.     I2s.  6d. 

*'  No  book  with  the  same  objects  in  view  has  ever  been  published  in  wkidi  the 
eleamess  of  the  rules  laid  down  and  the  illustrative  diagrams  have  beeo  so  tati^ 
factory.^ — Scottman. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Compatatioiis  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Appficatioiis  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  Haboinff  Intro- 
duction. By  FfeDOR  Thoman,  of  the  Soci^t^  Credit  Mobilier, 
Paris,     iimo,  cloth,  5/. 


*'  A  very  powerful  work,  and  the  Author  has  a  very  ranarkabU  rnmniMil  of  ha 
•ubiect.'  —Pr^ets^r  A,  tU  AI organ, 

"  We  recommend  it  to  the  notice  of  actuaries  and  accountants." 
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SCIENCE  AND  ART. 

♦  ■ 

The  Military  Sciences, 

AIDE-MfiMOIRE  to  the  MILITARY  SCIENCES.  Framed 
fix)m  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committed  of  the  Corps  oi 
Ro^  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols,  to-pl  8vo,  extra 
doUi  boards,  and  lettered,  price  4/.  lar. 

*'  A  compendious  cncyclopeBdia  of  military  knowledge,  to  which  we  are  greatly  i&' 
dxS»KL**^E€Unlmrgh  Review. 

"  The  most  comprdiensive  work  of  reference  to  the  military  and  collateral  sdences. 
Among  the  list  of  contributors,  some  seventy-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  sernac&,'*—yoluntefrS*rvk*  GoMttU, 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  price  izr.  complete. 

Naval  Science. 

NAVAL  SCIENCE :  a  Quarterly  Magazine  for  Promoting 
the  Improvement  of  Naval  Architecture,  Marine  Engineering, 
Steam  Navigation,  Seamanship.  Edited  by  E.  J.  Reed,  C.B., 
M.P.,  and  late  Chief  Constructor  of  Ihe  Navy,  and  Joseph 
WooLLEY,  M.A.,  LL.D.,  F.R.A.S.  Copiously  illustrated. 
Price  2J.  dr/.  Now  ready,  Vols.  II.  &  III.,  each  containing 4 Nos. 
cloth  boards,  price  I2j.  td.  each. 

*^*   The  Cotttribiitors  iitclude  ihe  most  Eminent  Authorities  in  the 
several  branches  of  the  aboi'e  subjects. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE- W ARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.  By  J. 
W.  Slater.     Post  8vo,  cloth,  price  ^s.  6d. 

"A  complete  encyclopeedia  of  the  materia  tinctoria.  The  information  given 
reqwcdng  each  article  is  fidl  and  inrcise.  and  the  methods  of  determinmg  the  value 
of  articles  such  as  these,  so  liable  to  sophistication,  are  given  with  clearness,  and  are 
practical  as  well  as  valuable."— C^mij/  and  Druggist. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  includmg  Galvanism,  Mag- 
netism, Diamagnetism,  Electro- Dynamics,  Magno- Electricity,  and 
the  Electric  Telegraph.     By  Henry  M.  Noad,  Ph.D.,  F.C.S., 
Lecturer  on  Chemistry  at  St.  George's  Hospital.     Fourth  Edition, 
entirely  rewritten.    Illustrated  by  500  Woodcuts.   8vo,  i/.  4/.  cloth. 
"  The  commendations  already  bestowed  in  the  pages  of  the  Lancet  on  the  former 
editions  of  this  work  are  more  than  ever  merited  by  the  present.    The  accounts  given 
of  electricity  and  galvanism  are  not  only  complete  m  a  scientific  sense,  but,  which  is  a 
rarer  thing,  are  popular  and  interesting." — Lancet. 
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Text- Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY:  in- 
cluding Magnetism,  Voltaic  Electricity,  Electro-Magnetism,  Dia- 
magnetism.  Magneto- Electricity,  Thermo- Electricity,  and  Electric 
Telegraphy.  &ing  a  Condensed  Resume  of  the  Theory  and  Ap- 
plication of  Electrical  Science,  including  ite  latest  Practioil  Deve- 
lopments, particularly  as  relating  to  Aerial  and  Submarine  Tcle- 
giaphy.  By  Henry  M.  Noad,  Ph.D.,  Lecturer  on  Chemistry  at 
St  George's  Hospital     Post  8vo,  400  Illustrations,  I2x.  dd.  doth. 

"  We  can  recommend  Dr.  Noad's  book  for  dear  style,  great  range  of  subject,  a  good 
index,  and  a  plethora  of  woodcuts."— ^/AnunKjn. 

"  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism,  and  of  &• 
theories  which  have  been  advanced  concerning  them.** — Popular  Scituct  Rtvitm. 

'*  Qear,  compendious,  compact,  well  illustrated,  and  well  printed."— Z««cf/. 

"  We  can  strongly  recommend  the  work,  as  an  admirable  text-book,  lo  erery  atodent 
—beginner  or  advanced— of  elcctridty." — EnginttriMg. 

"  Nothing  of  value  has  been  passed  over,  and  nothing  given  but  what  will  lead  to  a 
correct,  and  even  an  exact,  knovdedge  of  the  present  state  of  electrical  acteace."— 
M*ckemic£  Mmgaxifu. 

*'  We  know  of  no  book  on  electricity  containing  so  much  information  on  experi- 
mental facts  as  this  does,  for  the  size  of  it,  and  no  book  of  any  size  that  contains  so 
complete  a  range  of  fwcts.'*— English  Mtchanic. 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM :  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  pNirposcs 
to  which  it  has  been  applied.  5v  Sir  W.  Snow  Harris,  F,R.S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
Noad,  Ph.D.     With  165  Woodcuts.     i2mo,  cloth,  4r.  (id. 

"  There  b  a  eood  index,  and  this  volume  of  4x3  pages  may  be  considered  the  best 
possible  manuad  on  the  subject  of  ma^etism." — MecnaHtc/  AfagttMuu. 

"  As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  write."— ^«^mA  Meck/mic. 

**  Not  only  will  the  scientific  student  find  this  volume  an  invaluable  book  of  refer- 
ence, but  the  general  reader  will  find  in  it  as  mudt  to  interest  as  to  inform  his  mind. 
Though  a  strictly  scientific  work,  its  subject  is  handled  in  a  simple  and  readable 
gtyVtr—Ilitutrated  Revina. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufiicturcs, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  '•  Prac- 
tical IntixKluction  to  Rose*s  Chemistry,*'  and  Editor  of  Rose's 
''Treatise  of  Chemical  Analysis."  Illustrated  with  Woodcuts. 
(A  tteiv  Edition  of  this  7ctork^  revised  by  Dr.  Noad^  is  fust  ready.) 
**  We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  stroncly  recommend  it  to  our  renders  as  a 


guid< 
iffd 


e,  alike  indlspenjuible  to  the  hoi»cwife  as  to  the  pharmaceutical  practitioaer.' 
^fdicnl  Timts. 


"Tbe  very  best  work  on  the  subject  the  English  press  has  yet  produced.**— Ji/«w 
eAanic/  Magazitu, 
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Clocks,  Watches i  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  WATCHES, 
pnd  BELLS.  By  Sir  Edmund  Beckett,  Bart,  (late  E.  B. 
Dcnison),  LL.D.,  Q.C.,  F.R.A.S.,  Author  of  •'Astronomy  with- 
out  Mathematics,'*  &c.  Sixth  edition,  thoroughlv  revised  and 
enlarged,  with  numerous  Illustrations.  Limp  floth  (No.  67, 
Weale's  Series),  4r.  6(/.;  cloth  boards,  5^.  6^. 

"As  a  popular,  and,  at  the  same  time,  practical  treatise  on  clocks  and  bells,  it  is 
unapproached." — English  Mtchanic. 

"  The  best  work  on  the  subject  probably  extant  .  .  .  So  far  as  we  know  it  has 
no  competitor  worthy  of  the  name.  The  treatise  on  bells  is  tmdoubtedly  the  best  in 
the  language.  It  shows  that  the  author  has  contributed  very  much  to  their  modem 
improvement,  if  indeed  he  has  not  revived  this  art,  which  was  decaying  here  .  .  • 
To  call  it  a  rudimentary  treatise  is  a  misnomer,  at  least  as  respects  clocks  and  bells. 
It  is  something  more.  It  is  the  most  important  work  of  its  kind  in  English."— 
EngiMterinr. 

"The  cnly  modem  treatise  on  clock-making." — Horvlogical  youmal, 

"Without  having  any  special  interest  in  the  subject,  and  even  without  possessing 
any  general  aptitude  for  mechanical  studies,  a  reader  must  be  y^  unintelligent  who 
cannot  fmd  matter  to  engage  his  atuntion  in  this  work.  The  little  book  now 
appears  revised  and  enlarged,  being  one  of  the  most  praiseworthy  volumes  in 
Weale's  admirable  scientific  and  educadonal  series." — Daily  Ttlrgraph. 

"We  do  not  know  whether  to  wonder  most  at  the  extraordiuary  cneapness  of  this 
admirable  treatise  on  docks,  bv  the  most  able  authority  on  such  a  subject,  or  the 
thorough  completeness  of  his  work  even  to  the  minutest  details.  The  chapter  on  bells  is 
singular  and  amusing,  and  will  be  a  real  treat  even  to  the  uninitiated  geuCTal  reader. 
The  illustrations,  notes,  and  indices,  make  the  work  completely  perfect  of  its  kind." — 
Sttimaard, 

"There  is  probably  no  book  in  the  English  language  on  a  technical  subject  so 
easy  to  read,  and  to  read  through,  as  the  treatise  on  clocks,  watches,  and  bells, 
written  by  the  eminent  Parliamentary  Counsel,  Mr.  E.  B.  Denison— now  Sir  Edmund 
Beckett,  ^Qaaxr ^Architect. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Scries  of  Essays  on— i. 
Alleged  Discrepancies;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth  ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supematurally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses.  By  Professor 
J.  R.  Young,  Author  of  "  A  Course  of  Elementary  Mathematics," 
&c.  &c     Fcap.  8vo,  price  5j.  cloth  lettered. 

"  Professor  Young's  examinatkm  of  the  early  verses  of  Genesis,  in  connection  with 
modem  scientific  hypotheses,  is  excdlent.*'— jEnj^/uA  Churchman. 

'*  Disunguished  by  the  true  spirit  of  scientific  mquiry.  by  great  knowledge,  by  keoi 
logical  abiHty,  and  bv  a  style  peculiarly  dear,  easy,  and  enervetic"— iVMKwr^nMrtf^. 

*'  No  one  can  rise  from  its  porusal  without  being  impressed  with  a  sense  of  the  sin- 
gular weakness  of  modem  sceptidsm."— .Aaj^/m/  MafoMstu, 

"  A  valuable  contribution  to  controvcnial  theological  Utezature."— Cufr  Pmt, 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rer. 
John  Carr,  M.  A.,  kte  Fellow  of  Tria.  ColL,  Cambridge.  Second 
Edition.     i8mo,  5/.  doth. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  fcy 
DiONYSius  Lardxer,  D.CL.,  fonnerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  Universi^ College,  London.  Contents  : 
The  Planets ;  are  they  inhabited  Worlds?— Weather  PrognosUcs — 
Popular  Fallacies  in  Questions  of  Physlod  Science— Latitudes  and 
Longitudes — Lunar  Influences — Meteoric  Stones  and  Shooting 
Stars — Railway  Accidents  —  Mght — Common  Things: — Air — 
Locomotion  in  Uie  United  States — Cometary  Influences — Common 
Thmgs:  Water— The  Potter's  Art— Common  Thii^:  Fire  — 
Locomotion  and  Transport,  their  Influence  and  Progress — ^The 
Moon — Common  Things  :  The  Earth— The  Electric  Telegraph — 
Terrestrial  Heat— The  Sun — Earthquakes  and  Volcanoes— Baro- 
meter, Safety  Lamp,  and  Whitworth's  Micrometric  Apparatus — 
Steam— The  Steam  Engine— The  Eye- The  Atmosphere— Time 
— Common  Things  :  Pumps — Common  Things  :  SMCtades,  the 
Kaleidoscope— Clocks  and  Watches—Microscopic  Drawiiu:  and 
Engraving — Locomotive — ^Thermometer — New  Planets  :  Lever- 
rier  and  Adams's  Planet — Magnitude  and  Minuteness — Common 
Things :  The  Almanack—  Optical  Images— How  to  observe  the 
Heavens — Common  Things  :  the  Looking-glass— Stellar  Universe 
—The   Tides  —  Colour  —  Common  Things  :    Man  —  Magnifying 


Glasses — Instinct  and  Intelligence — ^The  Solar  Microscope — ine 
Camera  Lucida — The  Magic  Lantern— The  Camera  Obscura — 
The  Microscope— The  White  Ants  :  their  Manners  and  Habits — 
The  Surface  of  the  Earth,  or  First  Notions  of  Geography— Science 
and  Poetry — The  Bee  —  Steam  Navigation  —  EUectro-Motive 
Power— Thunder,  Lightning,  and  the  Aurora  Borealis — ^Thc 
Printing  Press— The  Crust  of  the  Earth— ComeU— The  Stereo- 
scope— The  Pre- Adamite  Earth — Eclipses — Sound.  With  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes, 
handsomely  bound  in  cloth,  gilt,  price  £,1  is. 

"The  '  Maseum  of  Science  and  Art*  ig  the  most  valuable  oootribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  dass  of  »odtty.*''—S$r  David 
Bmuter  in  the  North  BriiisA  Revuw. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  bdief  that 
there  is  hardly  to  be  found  among  th|  new  books,  one  that  would  be  wdoomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present.'*— fxamxMrr. 

\*   Separate  hooks  formed  from  the  above^  suitable  for  Workmen^ s 
Libraries^  Scietue  Classes,  ^v. 

Common  Things  Explained.    With  233  Illustrations,  $s.  doth. 
The  Electric  Telegraph  Popularized.  looIUustratioiis,  i/.6«£cloth. 
The  Microscope.    With  147  Illustrations,  ax.  cloth. 
Popular  Geology.    With  201  Illustrations,  2s,  6d,  cloth. 
Popular  Physics.    With  85  Illustrations.    2s,  6d.  doth. 
Popular  Astronomy.    With  182  lUustrations,  4s.  6d.  doth. 
Steam  and  its  Uses.    With  89  Illustrations,  2/.  dodu 
The  Bex  and  White  Ants.    With  135  Illustrations,  doth,  ax. 
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DR.   LARDNER'S    SCIENTIFIC    HANDBOOKS, 
Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  By  Dionysius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  Third  Edition.  Re- 
vised and  Edited  by  Edwin  Dunkkn,  F.R.A.S.,  Superintendent 
of  the  Altazimuth  Department,  Royal  Observatory,  Greenwich. 
With  37  plates  and  upwards  of  loo  Woodcuts.  In  i  voL,  small 
8vo,  doth,  550  pages,  price  is.  6^. 
"  We  can  cordially  recommend  it  to  all  those  who  desire  to  pntwi  a  conplete 
manual  of  the  science  and  practice  of  astronqmy."— ^«/rv««jwKvi/  Re^orttr, 

Optics. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  Lond.,  of  University  Coll^;e,  London. 
With  298  Illustrations.     Small  8vo,  cloth,  448  pages,  price  51. 

Electricity. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.  New  Edition.  Edited  by  Geo.  Carey  Foster, 
B.A.,  F.C.S.  With  400  Illustrations.  Small  8vo,  cloth,  price  5s. 
'*  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to 


the  terse  and  lucid  style  of  Lardner.  while  correcting  his  errors  and  brining  up  his 
work  to  the  present  state  of  sdentiiic  knowledge." — Po/uiar  Scuttce  JRnnew. 

Mechanics, 

THE  HANDBOOK  OF  MECHANICS.  {ReprinHng. 

Hydrostatics, 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewv, 
F.R.A.S.     With  numerous  Illustrations.     51.  \Just  pMished, 

Heat. 

THE  HANDBOOK  OF  HEAT.  New  Edition,  Re-written  and 
Enlarged.     By  Benjamin  Loewy,  F.R.  A. S.  \Preparing. 

Animal  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.    New  edition,  small  8vo,  cloth,  is,  6d.  732  pages. 

Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.     New  Edition.      Revised 
and  Re-written  by  K  B.  Bright,  F.R.A.S.     140  Illustrations, 
Small  8vo,  2j.  6</.  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.*'— J?M!f.  Mtckanic, 

NATURAL  PHILOSOPHY  FOR  SCHOOL  S.     By  Dr.  Lardner. 
328  Illustrations.     Fifth  Edition,     i  vol.  y.  6d,  cloth. 
"A  very  convenient  class-book  for  junior  students  in  private  schools.     It  is  in- 
tended to  convey,  in  clear  and  precise  terms,  general  notions  of  all  the  principal 
divisions  of  PhysioU  Science." — British  Quarttny  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dh.  LabdnBI. 
With  IQO  Illustrations.     Second  Edition,     i  voL  y.  6d,  doth. 
"Clearly  wntten.well  arranged,  and  excellently  illustrated. '^'^Cardtnsr^ Ckt vmkk. 
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e  Written  Record.    The  two  impulset  are  btdanced  to  a  nicety :  aod 
iSf  that  difficulties,  which  to  numU  leas  evenly  poiaed,  would  be 
lediate  solutions  of  the  happiest  kinds." — Ltttdtm  Rnnrw, 


Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or,  G«ology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
George  W.  Victor  Le  Vaux.  With  numerous  Illustrations. 
Fcap.  8vo,  price  5/.  cloth. 
"  We  can  recommend  Mr.  Le  Vaux  as  an  aUe  and  interesting  guide  to  a  popular 
appreciation  of  geological  science. '*-n5'/r<:/ciS9r. 

''The  author  conibines  an  unbounded  admiration  of  science  with  an  unbounded 
admiration  of  the  Written  Record, 
the  consequence  is,   that  difficulti< 
aerious,  find  immediate  solutions  of  the  happiest  li 

*'  VigDTOUiily  written,  reverent  in  spirit,  stored  with  instructive  getdogical  fincts,  and 
designed  to  show  that  there  is  no  discrepancy  cm-  inconsistency  between  the  Word  and 
the  works  of  the  Creator.  'I  he  future  ol  Nature,  in  connexion  with  the  glorious  destiny 
of  man,  is  vividly  conceived." — IVatchntan, 

"  No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexpoaed.*— 7%r  KiicJk. 

Geology,  Physical. 

PHYSICAL  GEOLOGY.  (ParUy  based  on  Major-General 
Portlock's  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G.S.     Numerous  Woodcuts.     X2mo,  u.  \Rea*iy. 

Geology,  Historical. 

HISTORICAL  GEOLOGY.  (Partly  based  on  Major-General 
Portlock*s  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G.S.     Numerous  Woodcuts.     i2mo,  zr.  dd.  \Rma\. 

\*  Or  Physical  and  Historical  Geology,  bound  in  Ont 
Volume^  price  51. 

Wood'  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.     By  A  Lady.     In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  price  zr.  dd, 
" The  handicraft  of  the  wood-caner,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  *  A  Lady's '  publication." — AthentnttM, 
'*  A  real  practical gttide.     It  is  very  complete.**— ZiVrmy^  Church$man, 
**  The  directions  given  are  plain  and  easOy  understood,  and  it  forms  a  very  good 
introduction  to  the  practical  part  of  the  carvel's  art."— f  «tf/tfA  Meekanie, 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art  By  THOMAS  JOHN  GULLICK, 
Painter,  and  John  TiMfes,  F.S.A.  Second  Edition,  revised  and 
enlai]ged.  With  Frontispiece  and  Vignette.  In  small  8yo,  6r.  cloth. 
V  ^'^  ^0^^  ^^  ^'^^  adopted  as  a  Priu^ook  in  the  Schools  cf 
Art  at  South  Kensington. 

.  "  A  work  that  may  be  advanta^^eously  c<m9ulted.  Much  may  be  leaned,  even  by 
those  who  fancy  they  do  not  requure  to  be  taught,  from  the  careful  peniaai  of  tha 
uxmretendinff  but  comprehensive  treadse.*— w4rf  7!n(nM/. 

'*  A  valuable  book,  iidiich  supplies  a  want.  It  contains  a  bune  amomt  of  origjual 
matter,  agreeably  conveyed,  and  will  be  found  of  value,  as  wdl  by  the  young  artist 
seeking  information  as  by  the  general  reader.  We  give  a  oordial  wacone  to  the  book, 
and  au^ur  for  it  an  increasiug  reputation." — BmUer. 

**  This  volume  is  one  that  we  can  heartiljr  recommend  to  all  who  are  doarous  oC 
uaderrtaadiog  what  thev  admire  in  a  good  paioUng.**— Am^v  VSmc 
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Delamotte^s  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.     Small  4to,  price  9^.    Elegantly  bound,  cloth  antique. 

"A  handy  book,  beautifully  illustrated ;  the  text  of  which  is  well  written,  and  cal- 
culated to  be  useful  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  siudcnt, 
which,  with  much  good  sense,  the  author  chooses  from  collactions  aoresaible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — Athetutum, 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engiaters,  Carvers, 
&c.  &c.  &c  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4r.  cloth. 

"A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.  For  those  who  insert  iMunelled  sentences 
round  gilded  cnalices,  who  blazon  shop  legends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  wul  be  useful" — Attuiutum, 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL; including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several  Ordinal 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  Collected  and  engraved  by  F.  DelamoVte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4J.  cloth. 

'*  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talent  which 
has  been  expended  in  the  conception  of  the  various  plain  and  ornamental  letters  is 
wonderfuL"— ^f/MMbifdL 

MEDIAEVAL  ALPHABETS  AND    INITIALS  FOR   ILLUMI- 
NATORS.     By  F.   Delamotte,    Illuminator,    Designer,    and 
Engraver  on  Wood.     Containing  ai  Plates,  and  lUuminated  Title, 
•  printed  in  Gold  and  Colours.     With  an  Introduction  by  J.  Willis 
Brooks.    Small  4to,  dr.  cloth  gilt 

"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometimes 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
only  comparable  to  one  of  those  delictus  love  letters  symbolized  in  a  bunch  of  flowers 
wdl  selected  and  cleverly  arranged."— ^S'sns. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monc^jams,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  %s,  dd,  in  ornamental  boards. 
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AGRICULTURE,  &c. 

• 

Youatt  and  Burtis  Complete  Gmzier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendinm  of  Hosbandiy. 
By  William  Youatt,  Esq.,  V.S.  nth  Edition,  enlarged  by 
Robert  Scott  Burn,  Author  of  **Tbe  Lessons  of  My  Farm,"  fta 
One  large  8vo  volume,  784  pp.  vrith  215  Illustrations,  i/.  I/,  half-bd. 
'*  The  standaid  and  text-book,  with  the  farmer  and  grader. "-^FtfrMrr'i  Magutme, 


i  treatise  t 
agriculture  endures."— jlfrir*  Latte  Express. 

'*  One  of  the  best  books  of  reference  that  can  be  contained  in  the  aerietilttirist's 
library.  The  word  *  complete '  expresses  its  character ;  since  every  detail  of  the 
subject  finds  a  place,  treated  upon,  and  explained,  in  a  clear,  comprefaenrive,  and 
practical  manner." — AlagneU 

Spoofier  on  Sheep, 

SHEEP;  THE  HISTOtlY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner.  M.R.V.C.,  &c 
Third  Edition,  considerably  enlarged  ;  with  numerons  fine  engra- 
vings, including  some  specimens  of  New  and  Improved  Breeds, 
Fcp.  8va  366  pp.,  price  6^.  cloth,  (yust published,) 
"  The  Dook  is  decidedly  Uie  best  of  the  kind  in  our  language."— %$*<«/#»»»«. 
**  A  reliable  Xtxt-hook.—S tam/tyni  Mrrcnry, 

"  Mr.  Spooner  has  conferred  upon  the  agricultural  class  a  lasting  benefit  by  em- 
bodying in  this  >vork  the  improvements  made  in  sheep  stock  by  such  men  as 
Hunipareys,  Rawlence,  Howanl,  and  others." — Hampshire  Advertuer, 
*"thm  work  should  be  in  possession  of  every  flock-master."— Axx^Mr^  Gwtrdimm^ 
"We  can  confidently  recommend  the  work  as  useful  and  rdiable,  and  of  much 
practical  utility  to  the  dass  for  whom  it  is  intended.*' — Salubuiy  and  IVimchetter 
Journal. 

"  Mr.  Spooner  has  conferred  a  boon  on  ajcnculturists  generally,  and  the  ftnner's 
library  will  be  incomplete  which  does  not  mchide  so  admirable  a  guide  to  a  vary 
important  branch  of  the  business."— i9<»«sr^  County  Chronicle, 

Scott  Bum's  System  of  Modem  Farming. 

OUTLINE  OF  MODERN  FARMING.  By  R.  ScOTT  BuRN. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy, 
Historical  and  Practical— Cattle,  Sheep,  and  Honc^ — Management 
of  the  Dairy,  Pigs,  and  Poultry,  with  Notes  on  the  Disoiics  of 
Stock— Utilisation  of  Town-Sewage,  Irrigation,  and  Reclamation 
of  Waste  Land.  New  Edition.  In  i  voL  1250  pp.,  balj^bomid, 
profusely  Illustrated,  price  I2J. 
'*  Tnere  is  sufficient  stated  within  the  limits  of  diis  treatiae  to  | 


from  going  far  wrong  in  any  of  his  operations.    .    .    .    Thtf  aumor  has  had  gnat 
personal  experience,  and  his  opinions  are  entitled  to  every  respect "—OAarrwr. 

H or  ton's  Underwood  aftd  Woodland  Tailes. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND ;  also  Lineal,  Superficial,  Cubical, 
Wages,  Marketing,  and  Decimal  Tables.  Toother  with  Tables 
for  Converting  Land-me^uT^  icom  one  denommation  to  another, 
and   instructions  iot  Ueajxrfwvtt^  ^woA  Tvsi&wu     By  Richard 
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Ewart's  La?td  Improver^  Pocket-Book. 

THE  LAND  IMPROVERS'  POCKET-BOOK  OF  FOR- 
MULAE, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  John  Ewart,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  4^. 

"A  compendium  long  required  by  land  surveyors,  agricultural  engineers,  &c."— > 
SuMsex  Daily  News. 

**  It  k  admirably  calculated  to  serve  the  purpose  lor  which  it  was  iateadad."— 
Scotsman, 

*'  A  compendious  and  handy  little  vulugie  .  .  .  admirably  anwiged,  and  can 
hardly  ful  to  prove  exceedingly  ,\u>eful  to  the  class  of  professional  Men  for  whom  it 
is  intended."-AS'/rt'//i/<»r. 

"  Contmns  in  a  condensed  form  the  essence  of  many  a  treatise,  and  will  be  found 
of  much  service  to  the  hind  agent  and  measurer." — Newcastle  Daily  Jourttal. 

*'  Is  a  marvel  of  induitrious  compilation,  containing  everything  requisite  for  com- 
putations relating  to  the  permanent  improvement  of  landed  property  ;  it  is  a  perfect 
xfode-mecum  for  a  surveyor." — yvkn  Bull. 

Hudson's  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASStSTANT:  being 'HOte, 
on  a  very  much  improved  Plan,  for  Calculating  the  Valne  of 
Estates.  To  which  are  added.  Tables  for  reducing  Scotch,  Irish, 
and  Provincial  Customary  Acres  to  Statute  Measure ;  also.  Tables 
of  Square  Measure,  and  of  the  various  Dimensions  of  an  Acre  in 
Perches  and  Yards,  by  which  the  Contents  of  any  Plot  of  Ground 
may  be  ascertained  without  Ae  expense  of  a  regular  Survey  ;  &c. 
By  R.  Hudson,  C.E.  New  Edition,  royal  32mo.  oblong,  leather, 
gilt  edges,  with  elastic  band,  41-. 

"  This  new  edition  includes  tables  for  ascertaining  the  value  of  leases  figr  waif  tenn 
of  3rears ;  and  for  showing  how  to  lay  out  plots  of  pound  of  certain  acres  in  forms, 
Sjiuare,  roond,  &c.,  with  valuable  rules  for  ascertainmg  the  probaUe  worth  <^ttanding 
timber  to  any  amount ;  and  is  of  incalculable  vahie  to  the  country  gentleman  and  pro- 
fessional  man.**— ^w mn  's  y<mmal. 

Complete  Agricultural  Survey  or i  Pocket-Book. 

TOE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  *ls,  6r/. 

^gr  7^  abot'e  firms  an  unequalled  and  most  compendttms  Pocket 
Veuie-mecum  for  the  Land  Agent  and  Agricultural  Eftgineer, 
"  We  consider  Hudson's  book  to  be  the  best  readyreckooer  00  waiters  relating  to 

the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination  with  Mr. 

E wart's  work  greatly  enhances  the  value  and  usefuinev  of  the  latter-mentioned  .  . 

It  is  most  useful  as  a  manual  for  reference  to  those  for  whom  it  is  intended."— 

North  0/  Eftfland  Farwer. 

Scott  Bum's  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
and  Hgs,  and  in  the  Keeping  of  Farm- work  Records.  By  Robert 
Scott  Burn.  With  numerous  Illustrations.  Fcp.  6x.  cloth. 
*' A  moft  complete  introduction  to  tha  whole  round  of  farming  ^Kaf:A3kat^— *3«Am> 
Bull, 


32         WORKS   PUBLISHED  BY  LOCKWOOD  &  CO. 

"yi    Complete  Epitome  of  the  Laws  of   this 
Country'^ 

EVERY  MAN'S  OWN  LAWYER;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Eatrity.  By  A  Barrister.  12th  Edition, 
carefully  revised,  including  a  Summary  of  The  Building  Societies 
Act,  The  InfanU'  Relief  Act,  The  Married  Women's  Property  Act, 
The  Real  Property  Limitation  Act,  Tlie  Betting  Act,  The  Hosiery 
Manufacture  Act,  a  Summary  of  the  Supreme  Court  of  Judicature 
Aat»  &c.,  &c.  Witl^^Notes  and  References  to  the  Authorities. 
ISflM),  prlpe  dr.  &/.  fn^ed  at  every  cfRvsultation),  strongly  bound. 

^.  COMPRISING  THE  LAWS  OF 

BANKRUPTCVHBn*!^  or  ExcHANGR— Contracts  anv  Agsbbmbnts— ConrRicHT 
— DowBR  AND  DivoRcs— Elections  and  Registration — Insurancb—Libsi. 
AND  Slander— Mortgages -SsTTLBMBNTS— Stock  Sxchancb  Practice — 
Trade  Marks  and  Patents—Trespass,  Nuisances,  etc— Transfer  of 
Land,  etc— Warranty — ^Wills  and  Agreements,  etc  Also  Law  for 
Landlord  and  Tenant — Master  and  Servant— Workmen  and  Apprentices— Heirs, 
Devisees,  and  Legatees — Husband  and  Wife — Executoiyand  Trustees — Guardian 
and  Ward— Married  Woofitn  and  li^ants— PutRer%  and  Agents— Lender  and 
Borrower— Debtor  and  Creditor— Suit^iascf  anA  VenoMM^mpafaies  and  Ass<h 
ciations— Friendly  Societies— a«||jvan,CInK£hwlu^  Prtictitiaaers, 

."iftie.— Bankers— Fanners— Contractors— Stock*  .4Md   Share   Brokers— Sportsmen 
'lui<^  GamekeepeM— Farriers  and  Horse-Dealen— Auctioneers,  House-Agents— 
Innkeepers,  &c. — Pawnbrokers — Surveyors — Railways  and  Cirriers,  &c  &c. 
**  No  Englishman  ought  to  be  without  this  book.** — Enginter, 
*'  It  is  a  complete  code  ot  English  Law,  written  in  plain  Iaxq;aage  which  all  can 
understand  . .  .  should  be  in  the  hands  of  every  business  man,  and  all  who  wi:ih  to 
abolish  lawyers'  bills."— /^Vr*(K  Times.  • 

**  A  useful  and  concise  epitome  of  the  law.*^Z««f  Magazine. 
"  What  it  professes  to  beP— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
Intelligible  to  non-professional  readers." — BelCs  Life, 

Auctianeef^s  Assistant, 

THE     APPRAISER,   AUCTIONEER,   BROKER,   HOUSE 
AND   ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT,  for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  AnnoitiM,  and  Reversions,  and  of  property  ffeneially ; 
with  Prices  for  Inventories,  &c.  By  John  Whekur,  Valuer,  &c 
Third  Edition,  enlai^ged,  by  C  No&Ris^    Royal  32mo,  doth,  5/. 
"  A  neat  and  concUe  book  of  refctncnce,  contaimaK.^&.adnnmble  and  dearly- 
arranged  list  of  pcicet  ftr  inventories,  aad  a  vety  practical  sulde  to  detennbe  the 
value  of  fur^tur^  h.'^'^'-tStandard. 

Pa'fundrokirf'  Ze^d^  Guidi.    .  ■ 

THE  f  AWtdfepKERS',  FACTORS',  and  MERCHANTS' 
GUIDE'^tVthi'  LAW  of  LOANS  and  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and 
Criminal,  as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercan- 
tile, and  other  Securities.  By  H.  C.  Folkard,  Esq.,  of  Lincoln's 
Inn,  Barrister-at-Law,  Author  of  the  "Lawof  Slanocxand  Libel," 
&c.     l2mo,  cloth  boards,  price  yj;  ' 

The  Laws  of  Mines  and  Mining  Companies. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to 
MINES  and  MINING  COMPANIES.  By  Whitton  AruN- 
DELL,  Attomey-at-Law.     Crown  8w>.  4J.  doth.  7 

llUndlrary  A<D«w,*Ob.,PitaitOT»  Wklt«Ma».Laii4M 


